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PREFACE  TO  THE  FORTIETH  VOLUME. 

In  November  1866,  the  first  number  of  the  Journal  of  Anatomy  and 
Physiology  was  published.  To-day  we  issue  the  first  part  of  our  fortieth 
volume,  and  we  make  it  the  commencement  of  our  third  series.  Prior  to 
1866,  no  Journal  specially  devoted  to  Anatomy  and  Physiology  had  been 
published  in  this  country.  The  Transactions  and  Proceedings  of  Royal  and 
other  learned  Societies,  and  the  medical  Journals  and  Reviews,  had  been 
almost  the  only  media  through  which  anatomists  and  pliysiologists  had 
been  enabled  to  make  their  researches  known.  Between  the  years  1861-5, 
however,  the  Natural  History  Review,  a  quarterly  Journal  of  Biological 
Science,  edited  by  distinguished  naturalists,  had  been  the  channel  through 
which  a  number  of  papers  on  human  and  comparative  anatomy  had  been 
made  public ;  but  in  the  last-named  year  this  Journal  ceased  to  appear. 

It  was  therefore  felt  by  some  of  the  younger  anatomists,  that,  owing  to 
the  increasing  number  of  workers  in  Anatomy  and  Physiology  in  the  United 
Kingdom  and  the  greater  attention  paid  to  these  branches  of  science  in 
our  Universities,  the  time  had  come  when  a  Journal,  which  might  offer  a 
ready  medium  for  the  publication  of  original  matter,  and  which,  by  giving 
Reports  on  the  progi*ess  of  these  sciences,  might  enable  anatomists  and 
physiologists  in  Great  Britain  and  Ireland  to  be  cognisant  of  the  researches 
that  were  being  made  in  this  and  other  coimtries,  would  supply  a  want. 
In  the  prospectus  of  the  first  number  of  the  Journal,  it  was  stated  that  the 
terms  Anatomy  and  Physiology  were  to  be  understood  in  the  widest 
sense  as  comprehending,  not  only  human  and  comparative  Anatomy  and 
Physiology,  but  much  of  Zoology  and  Palaeontology  without  excluding  even 
Psychology  and  Pathology. 

Professor  Humphry  of  Cambridge  took  an  active  part  in  the  preliminary 
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arrangements  for  the  institution  of  a  journal  with  this  object,  and  associated 
with  him  were  Professors  Newton  of  Cambridge,  Perceval  Wright  of 
Dublin,  and  the  writer  of  this  Preface,  then  Demonstrator  of  Anatomy  in 
the  University  of  Edinburgh,  with  Mr  J.  W.  Clark  of  Cambridge  as  editor. 
The  Journal  was  to  appear  half-yearly  in  Royal  8vo,  with  appropriate 
illustrations,  and  Messrs  Macmillan  &  Company  were  the  publishers. 

As  little  encouragement  was  given  to  the  sale  of  the  first  volume,  and  as 
the  expense  of  producing  the  parts  in  large  8vo  was  much  greater  than 
was  anticipated,  a  new  arrangement  required  to  be  made.  The  second 
volume  appeared,  therefore,  in  ordinary  8vo,  with  Professors  Humphry 
and  Turner  as  the  joint  conductors,  the  former  of  whom  undertook  for 
some  years  the  duty  of  acting  editor.  With  the  appearance  of  volume  x. 
in  1875  an  important  change  occurred.  As  the  circulation  of  the  Journal 
had  improved,  it  was  felt  that  a  more  frequent  issue  than  two  parts  in 
the  year  was  called  for.  It  was  decided  to  publish  in  quarterly  numbers, 
and  to  give  more  space  to  physiological  papers  than  had  been  possible  in 
the  preceding  volumes.  To  attain  this  object,  Professors  Michael  Foster  of 
Cambridge  and  Rutherford  of  Edinburgh  were  conjoined  with  Professors 
Humphry  and  Turner  as  editors.  This  association  continued  for  two 
years,  when,  from  a  strong  desire  on  the  part  of  many  physiologists  to 
establish  a  journal  specially  devoted  to  their  science,  Professors  Foster  and 
Rutherford  resigned  their  positions  on  the  staff,  and  Professor  M'Kendrick 
of  Glasgow  took  their  place  as  the  physiological  editor.  On  the  completion 
of  volume  xx.  in  1887,  a  new  series  was  commenced,  with  Professor  Turner 
as  the  acting  editor. 

Owing  to  the  death  of  Sir  George  Humphry  in  1896,  Professors  Turner 
and  M'Kendrick  invited  Professor  Macalister  of  Cambridge,  Professor 
Cunningham,  then  of  Trinity  College,  Dublin,  and  Professor  Thane  of 
University  College,  London,  to  act  along  with  them  in  the  conduct  of  the 
Journal,  and  the  two  first-named  undertook  the  management. 

Shortly  afterwards  Professor  Huntington,  of  the  Columbian  University, 
New  York,  was  added  to  the  editorial  staff. 

A  great  impulse  was  given  to  the  study  of  human  anatomy  in  our 
schools  of  medicine  by  the  foundation,  in  May  1887,  of  the  Anatomical 
Society  of  Great  Britain  and  Ireland.  Professor  Humphry  was  chosen  as 
the  first  President,  and  through   an  arrangement  made  with  the  Society 
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this  Journal  was  selected  as  the  medium  of  publication  of  its  Proceedings. 
The  Society  has  liberally  contributed  funds  for  the  preparation  of  an  index 
(published  in  1894)  to  volumes  i.-xx.  of  the  Journal,  and  subsequently  of  an 
index  (published  in  1897)  to  volumes  xxi.-xxx.  It  has  also  from  time  to 
time  defrayed  the  charges  incurred  in  producing  the  illustrations. 

The  Journal  having  successfully  surmounted  the  diflSculties  of  its  early 
career,  now  that  it  has  reached  its  fortieth  volume,  may  be  regarded  as  having 
justified  the  expectation  of  the  founders  and  conductors  that  it  would 
become  a  recognised  medium  for  the  publication  of  original  work  in  the 
departments  of  science  that  it  embraces.  The  present  editors  regard  this  as 
a  favourable  opportunity  for  effecting  an  improvement  in  its  size  and  fitness 
for  the  duty  which  it  discharges.  They  have  arranged,  therefore,  that  in 
future  it  should  appear  with  a  much  larger  page,  which  will  enable  them  to 
reproduce  in  a  more  advantageous  form  drawings  and  figures  required  for 
its  illustration.  As  the  only  representative  of  the  founders,  who  has  acted 
on  the  editorial  staff  since  the  commencement,  I  have  been  asked  to  write 
a  Preface  to  the  new  series. 

WM.  TURNER. 

October  IQOb. 
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PROCEEDINGS  OF  THE 

ANATOMICAL  SOCIETY   OF  GREAT   BRITAIN 

AND  IRELAND 


AUGUST   1905 


Thb  Summer  Meeting  of  the  Society  was  incorporated  with  the  First  International 
Federative  Congress  of  Anatomy,  held  in  Greneva  from  6th  to  10th  August  1905. 
Nineteen  members  of  the  Society  attended  the  Congress.  The  President  of  this 
Society  (Professor  J.  Symington,  F.R.S.)  presided  over  the  Congress  on  Monday, 
7th  August.  Professor  T.  H.  Bbtgs  acted  as  Vice-President  on  behalf  of  this 
Society. 

The  following  resolutions  were  passed  at  the  fleeting  of  Congress  on  Monday, 
7th  August : — 

1.  That  an  International  Congress  of  Anatomy  be  held  at  intervals  of  not  less 

than  five  years. 

2.  That  one  Delegate  from  each  of  the  Federated  Societies  form  a  Permanent 

Committee. 

3.  That  each   Society  shall  nominate  a  Substitute  who  shall  serve  on  the 

permanent  Committee  if  the  Delegate  be  unable  to  do  so. 

4.  That  the  five  Delegates  shall  be  able  to  elect  from  their  number,  or  from 

other  persons,  a  Secretary,  or,  if  necessary,  two  Secretaries,  who  shall  be 
members  of  the  Permanent  Committee. 

A  Special  Meetings  of  the  Anatomical  Society  of  Great  Britain  and  Ireland 
was  held  in  the  School  of  Medicine,  Geneva,  on  7th  August  1905,  at  5  p.m. 
Nineteen  members  were  present.     The  President,  Professor  J.  Symington,  F.R.S. 
occupied  the  chair. 

The  following  resolutions  were  passed : — 

1.  That  the  President  of  the  Society  for  the  time  being  be  the  Delegate  on  the 

Permanent  Committee  of  the  Congress. 

2.  That  the  Secretary  of   the   Society  for   England   for   tlie  time  being  be 

the  substitute  for  the  Delegate  on  the  Permanetit  Committee  of  the 
Congress. 
Special  votes  of  thanks  were  passed  to  the  Canton,  Town  and  University  of 
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Geneva  for  the  hospitality  afforded  to  the  Society,  to  Professor  Eternod  and  the 
Members  of  the  Swiss  Committee  of  organisation  and  reception  /or  the  successful 
arrangements  which  they  had  made  for  the  accommodation  and  entertainment  of  the 
members  of  the  Society,  and  to  Professor  Karl  v.  Bardeleben,  Professor  Nicolas  and 
the  members  of  the  Secretarial  Committee  of  the  Congress,  for  their  arduous  and 
successful  labours  in  arranging  the  business  of  the  meeting. 

The  following  communications  were  made  to  the  Congress  by  Members  of  the 
Society:  — 

(1)  Professor  J.  Symington,  F.R.S.,  on  {A)  The  Development  of  the  Phalanges  of 
the  Cetacean  Flipper,^  {B)  The  Relations  of  the  Deeper  Parts  of  the  Brain  to  the 
Surface. 

In  communication  B  the  author  exhibited  a  large  number  of  photographs 
and  drawings  in  illustration  of  the  subject.  In  April  1903  he  published  a  paper 
under  the  above  title  in  the  Journal  of  Anatomy  and  Physiology^  and  this  second 
commmunication  represented  an  extension  of  his  earlier  work  with  various 
modifications  in  the  method  of  investigation.  In  the  first  paper  the  cadaver 
examined  was  a  female,  and  the  method  adopted  was  to  make  a  series  of  horizontal 
sections  of  the  frozen  head  and  from  these  sections  to  indicate  by  orthogonal  pro- 
jections on  to  the  side  of  the  head  the  vertical  and  antero-posterior  extent  of  certain 
of  the  deeper  parts  of  the  brain,  the  depth  of  these  parts  from  the  surface  being 
shown  on  the  photographs  of  the  various  sections.  This  plan  gave  excellent  results, 
but  it  was  a  very  laborious  one^  a  matter  of  importance  when  a  considerable  number 
of  heads  had  to  be  examined.  Equally  satisfactory  results  were  obtained  without 
freezing  by  thoroughly  hardening  the  entire  head  in  formol  and  making  the  sections 
with  a  fine  saw  and  a  large  thin-bladed  knife.  The  head  was  first  divided  in  the 
mesial  plane,  each  lateral  half  placed  with  its  cut  surface  downwards,  and  a  life-size 
photograph  of  the  lateral  aspect  of  the  head  taken  by  means  of  a  vertical  camera 
provided  with  a  long  focus  lens  This  was  done  with  the  integument  in  position 
and  then  with  the  bone  exposed  by  the  removal  of  the  skin  and  other  structures 
superficial  to  the  cranial  wall.  When  a  life-size  photo  was  taken  of  the  median 
aspect  of  the  opposite  half  of  the  head,  the  position  of  the  various  parts  of  the  brain 
lying  in  the  mesial  plane  could  easily  be  indicated  on  a  photograph  of  the  lateral 
aspect  of  the  head.  Each  half  of  the  brain  was  then  removed  and  placed  with  its 
cut  surface  on  a  horizontal  slab  in  its  natural  position  in  relation  to  the  median 
surface  of  the  skull,  an  outline  of  which  w^as  drawn  on  the  slab.  After  the  outer 
surface  of  the  brain  was  photographed  various  dissections  could  be  made,  such  as 
exposing  the  island  of  Reil,  or  opening  the  lateral  ventricles,  the  brain  being 
restored  to  its  original  position  before  being  again  photographed.  The  photographs 
exhibited  included  those  of  the  heads  of  two  newly  born  children  and  an  adult 
male,  aud  from  these  diagrams  had  been  constructed  indicating  the  position  of  the 
visual  and  motor  tracts  in  relation  to  the  norma  lateralis  of  the  head. 

(2)  Professor  D.  J.  Cunningham,  F.R.S.,  Further  observations  on  the  varying 
farm  of  the  Stomach,  with  special  reference  to  Hmirglass  Stomach, 

(3)  Professor  T.  H.  Br  yob.  The  Development .  of  the  Thymus  Gland  in 
Lepid^siren  paradoxa} 

*  See  the  current  issue  (January)  of  the  Journal  of  Ancdomy  and  Physiohgi/,  1906. 
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(4)  Dt  John  Cameron,  llie  Huto*jene^  of  Xerve  Filfn\<, 

An  account  i»f  this  work  will  appear  in  a  subsequent  number  of  Tk*  Jountai  of 
Anatom»i  oHfl  Physiolfj*j*f.     The  following  is  a  brief  abstnict : — 

From  ohser  rat  ions  which  the  author  has  made  on  the  developing  optic  nerve  in 
Amphibia,  and  also  on  the  spiuail  nerves  in  embryos  of  tishes,  amphibians,  and  binls« 
it  would  appear  that  these  structures  arise  both  r*  ntrtillf/  and  jh-ripheniHtf,  With 
regard  to  the  optic  nerve  in  Amphibia,  the  author  has  l>een  enabled  to  ascertain 
that  the  axons  are  actually  produced  as  protrusions  fn.)m  the  nuclei  of  the  retinal 
ganglionic  layer  which  consist  of  the  nuclear  matrix,  and  are,  on  tliat  account, 
quite  acliromatic  in  the  tviscent  condition.  Very  soi>n,  however,  they  become 
*'  dironiaiU^d^^  and  thus  tend  to  stain  more  readily  with  colouring  agents.  These 
axons  grow  towards  the  brain  along  the  line  of  the  optic  stalk,  and  the  nuclei 
in  the  latter  position  also  appear  to  secrete  their  achromatic  matrix,  which  aids  the 
growth  of  the  axon,  and  also  in  its  turn  becomes  chn^raatiseil.  The  optic  nerve  in 
Amphibia  thus  takes  origin  centrally  from  the  ganglionic  layer  of  the  retina,  and 
also  peripherally  from  the  optic  stalk,  while  the  material  which  forms  the  axon  is 
in  both  cases  primarily  nuclear  in  origin. 

As  regards  the  spinal  nerves,  the  author  finds  tiiat  the  motor  roi»t  is  formeil  from 
the  neuroblast-nuclei  in  the  anterior  cornu  of  the  spinal  coni,  but  at  the  sitme  time 
the  an/age  of  the  nerve  is  also  laid  down  ctmcurrently  in  mesoblast  tissue  outside 
the  cord.  This  is  evidenced  by  a  proliferation  of  the  mesoblast  nuclei  along  the 
nerve  arUage,  and  at  the  same  time  they  become  separated  by  a  clear  acliromatic 
substance  which  the  author  identifies  as  the  nuclear  matrix  secreted  from  these. 
This  becomes  chromatised  to  form  axons  in  a  manner  similar  to  that  described  in 
the  case  of  the  optic  nerve. 

A  great  deal  of  the  difficulty  with  regard  to  the  histogenesis  of  nerve  fibres  has 
l>een  due  to  the  non-recognition  of  the  nature  of  the  substance  in  which  fibrilla- 
tion occurs.  It  may  be  again  stated  that  this  is  in  all  cases  nuclear  in  origin. 
This  present  research  thus  sliows  that  the  anlage  of  spinal  nerves  is  laid  down  in 
the  form  of  a  continuous  tract  of  nuilear  achromatic  matrix  in  which  the  axons  are 
formed  by  a  process  of  chromatisjition.  In  other  words,  nerve  fi])ros  arise  by  a 
coQibination  of  the  central  dixal  peripheral  modes  of  origin.  These  observations  thus 
tend  to  reconcile  these  two  opposite  views  towards  each  other,  and  the  author  hoped 
that  they  would  remove  a  great  deal  of  the  controversy  which  at  present  exists 
regarding  the  origin  of  nerve  fibres  in  the  vertebrata. 

Dr  Cameron  also  showed  micro-piiotographs  illustrating  the  development  of  the 
retina  and  of  striped  muscle. 

(5)  Dr  William  Wright  gave  a  description  of  tlip  Skulhfrom  the  Round  Barrows 
of  East  Yorhifiire.  This  paper  has  already  appeared  in  the  Journai  of  Anatomij 
and  Physiology,  vol.  xxxix.  p.  417,  1905. 

(6)  Professor  C.  J.  Patten  described  llie  AHthropolof/ira/  Qtf  led  ions  in  the 
Museum  of  Anatomy,  Sheffield  University.  This  paj^er  will  be  published  in  the 
official  Records  of  the  Congress. 

(7)  Dr  E.  B.  Jamieson  gave  a  Demonstration  of  Various  Tracts  of  Fibres  and 
Masses  nf  Grey  Matter  of  tlie  Drain,  displayed  by  ordinary  dissection. 

The  beautiful  preparations  shown  by  Dr  Jamieson  comprised  the  following:  — 
1.  A  dissection  of  the  cerebral  hemisphere  from  the  inner  surface,  showing  the 
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intersection  of  the  fibres  of  the  corpus  callosum  with  those  of  the  corona  radiata,  and 
the  distribution  of  the  fibres  of  the  spleuium. 

2.  A  dissection  from  the  inner  surface  showing  the  deep  aspect  of  the  tapetum 
and  the  occi  pi  to-frontal  fasciculus. 

3.  A  dissection  from  the  inner  surface  showing  the  deep  aspect  of  the  crusta,  the 
internal  capsule  and  the  corona  radiata  in  continuity. 

4.  A  dissection  showing  the  fillet  in  the  medulla,  pons,  and  mid-brain  from  the 
ventral  aspect. 

5.  A  dissection  showing  the  posterior  longitudinal  bundle  and  the  fillet  in  the 
medulla,  pons,  and  mid-brain  from  the  dorsal  aspect. 

6.  A  dissection  from  the  ventral  aspect  showing  the  decussation  of  the  superior 
cerebellar  peduncles  and  the  relations  of  the  three  cerebellar  peduncles  to  one 
another. 

7.  A  dissection  of  pons  and  medulla  showing  the  trunk,  the  spinal  and 
mesencephalic  roots  of  the  fifth  cranial  nerve,  and  the  emerging  root  of  the  seventh 
cranial  nerve. 

8.  A  dissection  showing  the  seventh  nerve  more  fully  ex{)osed  and  the  lateral  fillt- 1. 

9.  A  dissection  showing  the  deep  aspect  of  the  corpus  dentatum  of  the  cerebellum, 
the  roots  of  the  eighth  cranial  nerve  embracing  the  restiforni  body,  the  spinal  part 
of  the  vestibular  root,  and  the  spinal  root  of  the  fifth  nerve. 

10.  An  isolated  corpus  dentatum  of  the  cerebellum. 

11.  Three  specimens  of  isolated  lenticular  nucleus,  one  with  the  anterior  white 
commissure  in  place,  one  with  the  commissure  removed,  and  the  third  separated  along 
the  plane  of  the  external  medullary  lamina  into  the  putamen  and  globus  pallidus. 

12.  A  dissection  of  the  lower  part  of  medulla  and  upper  part  of  spinal  cord, 
showing  the  decussation  of  the  pyramids  and  the  crossed  and  direct  tracts  traced  for 
some  distance  down  the  cord. 

At  the  same  time  a  number  of  stereoscopic  photographs  of  several  other  dis- 
sections of  the  brain  was  exhibited. 

1.  The  long  association  tracts  from  the  outer  side. 

2.  The  long  association  tracts  from  above. 

3.  The  lenticular  nucleus  and  corona  radiata  from  the  outer  side. 

4.  The  corona  radiata,  the  internal  capsule,  the  crusta,  the  pyramidal  fibres  in 
the  pons,  the  pyramid  of  the  medulla  in  continuity. 

5.  Another  of  the  same,  with  the  fillet  and  lateral  fillet,  and  the  inferior  cerebellar 
peduncle  spreading  out  on  the  cerebellum,  also  shown. 

6.  From  the  basal  aspect,  various  parts  of  the  rhinencephalon  as  defined  by 
Professor  Elliot  Smith. 

7.  The  floor  of  the  descending  and  posterior  horns  of  the  lateral  ventricle  on  one 
side  and  the  roof  of  the  same  on  the  other,  both  from  the  inferior  aspect. 

8.  The  whole  course  of  the  cingulum  and  of  the  fornix  and  the  bundle  of  Vicq 
d'Azyr,  from  the  mesial  and  inferior  aspects. 

9.  The  corpus  striatum  and  its  relation  to  the  internal  capsule  and  corona 
radiata,  from  above. 

10.  The  basal  ganglia  and  the  optic  thalamus  dissected  from  the  surrounding 
brain  substance  and  the  internal  capsule  removed. 

11.  A  dissection  of  the  cerebellum  from  above,  showing  the  corpus  dentatum. 

(8)  Dr  R.  J.  A.  Berry  and  Dr  L,  A.  H.  Jack  read  a  paper  on  7'he  Vermiform 
Appendix  of  Man  and   the   Structural   Changes  therein  coincident  toith  Age,  and 
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showed  a  number  of   preparations.     The  paper   will  appear  in  full   in  the   April 
number  of  the  Journal  of  Anaiomy  and  Physiology. 

The  following  conclusions  were  drawn  from  the  work  : — 

1.  Lymphoid  tissue  is  the  characteristic  feature  of  the  true  caecal  apex  throiigh- 
out  the  animal  kingdom,  including  man.  As  the  vertebral  scale  is  ascended,  this 
tissue  tends  to  be  collected  together  into  a  specially  differentiated  portion  of  the 
intestinal  canal — the  vermiform  appendix. 

2.  The  amount  of  lymphoid  tissue  present  at  the  caecal  apex  varies,  most 
probably,  though  not  certainly,  in  accordance  with  the  varying  diet  of  the  animal. 

3.  The  vermiform  appendix  of  man  is  not,  therefore,  either  a  vestigial  remnant 
or  an  organ  in  a  state  of  retrogression,  but  is  an  actively  functional  lymph  gland. 

4.  The  appendix  of  man  is  not  equally  functional  throughout  the  whole  of  life. 
At  birth  it  contains  practically  no  lymphoid  tissue,  within  six  weeks  it  has  become  a 
lymph  gland  and  continues  as  such  during  the  first  half  of  life,  after  which  it  pro- 
gressively declines  in  functional  activity.  Lymphoid  tissue  is,  therefore,  a  tissue  of 
the  growing  animal. 

5.  Obliteration  of  the  vermiform  appendix  is  a  pathological  ^jrocess, 

6.  The  functions  of  the  human  appendix  are  the  same  as  those  of  any  other 
collection  of  lymphoid  tissue  in  any  other  part  of  the  body. 

(9)  Dr  Jambs  Miller  gave  an  account  of  his  Researrhes  in  the  ElasO'c  Tisme  of 
the  Lung,  which  are  published  in  this  number  of  the  Journal, 

(10)  Professor  J.  T.  Wir^soN  read  a  note  on  tlie  Fate  of  Tumia  Clino-orbitalts 
(Gaupp)  in  Echidna  and  Omitliorhynchvs  ^  respectively,  and  demonstrated  specimens. 

Professor  Wilson  also  made  the  following  demonstrations  :— 

1.  Demonfftration  (f  slereo-photofjraphs  of  wax-plate  models  of  the  skull  of  a  young 
mammary  fadus  of  Ornifhryrhynchys. 

The  work  of  plastic  reconstruction  was  carried  out  under  Professor  Wilson's 
direction  in.  the  Anatomical  Laboratory  of  the  University  of  Sydney,  by  Mr  W.  T. 
Quaife,  student  of  medicine. 

The  first  and  smaller  model  ("  A  ")  represents  that  segment  of  the  otic  region  of 
the  chondrocranium  which  is  associated  with  the  tympanic  apparatus,  and  includes 
the  proximal  portions  of  the  cartilaginous  visceral  skeleton  which  constitute  the 
latter. 

The  second  and  larger  model  ("B")  represents  the  entire  osteo-cartilaginous 
skeleton  of  the  head,  with  the  following  exceptions : — The  skeleton  of  the  snout  and 
nasal  region  previously  modelled  and  described  by  the  author  (Proc.  Linn,  Soc,^ 
N.S.W.,  for  1901,  part  iv.) ;  the  symphysial  region  of  the  mandible  with  the  distal 
portion  of  MeckeFs  cartilage  ;  the  liyoid  apparatus  beyond  its  proximal  segment ;  the 
occipital,  and  the  posterior  planes  of  the  Otic,  regions  of  the  skull,  and  the  membrane 
bones  of  the  vault  of  the  cranium. 

The  developmental  anatomy  of  the  Orbito-sphenoidal  region,  and  of  the  tympanic 
and  maxillo-mandibular  apparatus,  formed  the  main  objects  of  the  investigation. 

Pending  a  more  detailed  account  of  the  results  of  the  work,  the  following  points 
may  be  noted  as  evident : — 

There  is  a  general  agreement  in  structure  with  that  of  the  skull  of  the 
corresponding  stage  in  Echidna,  of  which  a  wax-plate  reconstruction  was  also  shown 
at  the  Congress  by  Professor  Gaupp.  ,^ 

*  See  the  current  issue  (January)  of  the  Journal  of  An  Uorny  and  Physiology,  1906. 
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The  character  and  relations  of  the  "Ala  temporalis"  closely  resemble  those 
described  by  Gaupp  in  Echidna,  but  its  cartilaginous  extremity  is  traversed  by  a 
short  horizontal  canal,  transmitting  the  "  Vidian  "  artery,  which,  in  Ornithorhynchus, 
is  a  larger  arterial  branch  of  the  carotid  than  that  which  enters  the  cranium  through 
the  small  "  foramen  caroticum." 

There  is  a  slight  prominence  or  spur  upon  the  Taenia  clino-orbitalis,  not  far  from 
the  posterior  attachment  of  that  structure. 

The  malleus  is  still  wholly  continuous  with  MeckeFs  cartilage,  and  the 
cartilaginous  incus  appears  as  a  mere  flange-like  appendage  of  the  malleus,  lying 
incurved  on  its  medial  aspect.  At  their  junction  the  cartilaginous  continuity  of  the 
two  elements  is  uninterrupted. 

The  stapes  is  an  independent  cartilaginous  nodule,  conoidal  in  shape. 

The  hyoid  arch  is  completely  continuous  with  the  periotic  capsule,  and  the 
Chorda  tympani  turns  forwards,  laterally  to  its  base,  to  enter  the  tympanic  cavity. 
The  proximal  extremity  of  the  malleus-incus  mass  is  also  in  part  continuous  with  the 
periotic  cartilage. 

The  processus  folianus  mallei  is  an  independent  bony  splint  which  is  perforated 
by  the  Chorda  tympani  as  this  proceeds  towards  its  junction  with  the  "  lingual " 
branch  of  the  Trigeminus. 

Two  pterygoid  elements  are  present,  of  which  one  (the  pterygoid  of  the  adult)  lies 
caudal  of  the  massive  palatine,  whilst  the  other  is  implanted  in,  and  supported  by, 
a  groove  in  the  dorsal  aspect  of  the  palatine.  This  subsequently  fuses  with  a 
pterygoid  downgrowth  of  the  basisphenoid.^ 

The  zygomatic  process  of  the  maxilla  extends  backwards  so  far  as  to  enter  into 
relation  with  the  squamo-mandibular  articulation. 

A  small  but  quite  definite  malar  or  jugal  element  is  present  as  a  constituent 
element  of  the  zygomatic  arch. 

The  head  of  the  mandible  is  rounded  and  massive  and  its  interior  is  cartilaginous. 

2.  Exhibition  of  photo-micrographs  illustrative  of  the  anatomiccd  and  histological 
characters  of  a  ^''Nucleus  postremv^"  or  ^^  Sudeus  arece  postreniofy'^  i.e.  a  definite 
and  distinct  neuronic  group  present  in  tJie  human  medulla  oblongata  in  the  position  of 
the  "  Area  postrema  "  of  Retzius. 

Professor  J.  T.  Wilson  and  Dr  J.  P.  Hill,  Sydney,  N.S.W.,  Australia,  also 
showed  lantern-diapositives  and  photo- micrographs  illustrative  of  various  stages  in 
the  development  of  Monotremes  and  Marsupials, 


NOVEMBER  1905 


The  Annual  General  Meeting  of  the  Society  was  held  at  St  Bartholomew's  Hospital, 
London,  E.C.,  on  Friday,  24th  November  1905,  at  4  p.m.  There  were  twenty- 
four  members  and  eight  visitors  present.  Professor  Symington,  F.R.S.,  was  in  the 
chair. 

^  Gaupp  has  recently  shown  reason  for  believing  that  the  second  of  the  two  pterygoids  above 
referred  to  is  the  genuine  mammalian  **  pterygoid  "  element ;  and  that  it  is  homologous,  not  with 
the  reptilian  pterygoid,  but  with  the  posteiior  ^>aired  element  of  the  submammalian  parasphenoid. 
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Mr  Sidney  Scott  showed  a  number  of  photographs  of  sectimis  of  the  thorax. 

The  minutes  of  the  previous  meeting  were  read  and  confirmed. 

The  President  was  directed  to  sign  the  iigreement,  a  copy  of  which  had  been 
circulated  to  the  members,  proposed  between  the  Editors  of  the  Journal  of  Anatomy 
and  Physiology  and  the  Members  of  the  Anatomical  Society. 

The  members,  as  recommended  by  the  Committee  of  Management,  for  the 
Council  for  the  year  1906  were  unanimously  elected. 

The  Treasurer's  Report  was  received  and  adopted. 

The  following  candidates  were  unanimously  elected  members  of  tlie  Society : — 
Miss  Hamilton,  M.B.,  Demonstrator  of  Anatomy,  The  London  School  of  Medicine 
for  Women ;  E.  P.  M^^Loughlin,  M.D.,  Professor  of  Anatomy,  The  Catholic  School 
of  Medicine,  Dublin  ;  E.  B.  Jamieson,  M.B.,  CM.,  Demonstrator  of  Anatomy,  The 
University  of  Edinburgh;  0.  Charnock  Bradley,  M.B.,  CM.,  Professor  of  Anatomy, 
Royal  Veterinary  College,  Edinburgh;  James  Miller,  M.D.,  Demonstrator  of 
Pathology,  The  University,  Birmingham ;  Edward  Phelps  AUis,  M.D.,  Palais 
Carnales,  Menton. 

Discussion  and  Papers  : — 

(1)  ^Ir  J.  W.  Thomson  Walker  introduced  a  discussion  on  the  sunjical 
anatomy  of  the  proatatCy  and  showed  preparations.^  The  following  is  an  abstract 
of  his  communication  : — 

The  sheath  of  the  prostate  is  formed  by  the  rectovesical  fascia,  and  envelops  the 
organ,  except  at  its  basal  attachment  to  tlie  bladder  and  at  the  apex,  where  it 
becomes  incorporated  witli  the  striped  muscle  surrounding  the  urethra.  The 
sheath  may  be  stripped  off  the  prostate  in  the  lateral  and  posterior  surfaces,  but  not 
along  the  anterior  surface,  where  it  is  firmly  adherent  to  the  organ.  The  anterior 
portion  of  the  sheath  differs  from  the  rest  of  the  envelope.  It  is  firmly  adherent  to 
the  prostate,  and  is  not  formed  by  the  layer  of  fascia  which  passes  down  over  the 
lateral  aspects  of  the  gland.  In  the  surface  of  this  part  of  the  sheath  is  a  thin  layer 
of  fascia,  which  corresponds  to  the  upward  reflexion  of  fascia  over  the  bladder. 
Beneath  this  is  a  thick  band,  the  fibres  of  which  are  irregularly  set  and  imbedded  in 
them  are  masses  of  fat  and  non-striped  muscle  and  the  veins  of  the  prostatic  plexus. 

The  prostate  is  adherent  to  the  under  surface  of  the  bladder  base,  and  extends 
backwards  for  about  J  inch  behind  the  urethra  to  about  the  middle  of  the  trigone. 
The  greatest  lateral  extent  is  in  a  line  passing  outwards  and  backwards  from  the 
urethra,  and  measures  about  ^^  of  an  inch  on  each  side.  The  trigone  of  the  bladder 
is  a  definite  muscular  triangle  which  is  formed  by  a  bar  of  muscle  passing  between 
the  ureters  and  a  band  from  each  ureter  to  the  urethra.  These  bands  unite,  and  pass 
on  into  the  wall  of  the  urethra. 

Beneath  these  longitudinal  fibres  is  a  flat  layer  of  circular  fibres,  which  may  be 
distinguished  from  the  rest  of  the  circular  bladder  muscle.  This  layer  becomes 
thicker  as  it  approaches  the  urethra,  and  forms  a  wedge  behind  the  urethral  opening, 

^  This  paper  will  appear  in  full  in  a  subsequent  issue  of  the  Journal  of  Anatomy  and 
Physiology, 
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and  then  passes  on  into  the  urethral  wall.  This  circular  muscle  is  not  found  in  tne 
bladder  wall  in  front  of  the  urethra,  but  forms  a  thick  layer  along  the  anterior  wall 
of  the  prostatic  urethra.  The  non-striped  sphincter  is  formed  by  these  layers  of 
circular  muscle.  The  outer  longitudinal  layer  of  bladder  muscle  is  inserted  into  the 
base  of  the  prostate. 

The  ready  stripping  of  the  sheatii  of  the  prostate  is  an  important  point  in  the 
operations  of  perineal  and  suprapubic  prostatectomy.  For  the  suprapubic  operation 
certain  changes  are  necessary  in  the  bladder  base. 

The  sphincter  is  dilated  by  the  protrusion  of  a  nodule  of  prostate  into  the  bladder, 
and  the  finger  can  thus  be  pushed  through  the  lumen  of  the  sphincter,  and  need  not 
penetrate  through  the  muscle  of  the  bladder  floor. 

The  striped  muscle  in  relation  to  the  prostate  forms  a  ring  surrounding  the 
urethra  at  the  apex  of  the  gland.  Thence  it  passes  up  beneath  the  anterior  layer  of 
the  sheath  as  far  as  the  bladder  wall.  This  striped  muscle  probably  plays  an 
important  rdle  in  retaining  the  urine  after  suprapubic  prostatectomy. 

The  prostatic  plexus  passes  up  the  front  of  the  i)rostate,  and  at  the  junction  of 
this  organ  with  the  bladder  gives  off  two  branches  which  surround  the  bladder  neck 
at  its  junction  with  the  prostate.  The  shape  of  the  whole  plexus  is  roughly  that 
of  the  letter  Y. 

The  principal  veins  of  the  plexus  lie  imbedded  in  the  thick  band  of  fascia  which 
forms  the  anterior  layer  of  the  sheath,  and  do  not  come  into  direct  relation  with  the 
capsule  of  the  gland. 

The  prostatic  urethra  is  vertical  and  straight  at  its  supramontanal  part,  but  below 
the  verumontanum  it  curves  forward.  The  prostatic  urethra  is  removed  with  the 
prostate  in  the  majority  of  cases  of  suprapubic  prostatectomy  witliout  causing  any 
change  in  the  sensory  part  of  the  reflex  act  of  micturition. 

The  gland  tissue  of  the  prostate  is  in  the  form  of  a  horseshoe  at  the  base  of  the 
gland,  with  the  urethra  in  the  same  plane  as  the  anterior  borders  of  the  lateral  lobes. 
No  separate  middle  lobe  could  be  found.  The  capsule  of  the  organ  was  the  un- 
appropriated margin  of  the  non-striped  muscle  stroma. 

The  seminal  vesicles  were  placed  horizontally  along  the  upper  borders  of  the 
prostatic  lobes. 

Mr  CuTHBERT  VVallis  agreed  with  many  of  the  views  expressed  by  Mr  Thomson 
Walker.  He  was,  however,  strongly  of  opinion  that  the  tumours  of  the  prostate  were 
adenomata;  that  in  the  operation  of  prostatectomy  they  were  shelled  out,  and  that 
a  surrounding  shell  of  prostatic  tissue  was  left  behind. 

Mr  P.  L.  Daniel  agreed  with  the  view  expressed  by  Mr  Cutlibert  Wallis,  and 
pointed  out  that  the  small  amount  of  haemorrhage  attending  the  operation  was 
evidence  that  the  prostatic  plexus  was  not  injured,  which  would  be  unavoidable  if 
the  whole  gland  were  taken  away.  He  discussed  the  pathology  of  the  prostatic 
tumours  in  question,  and  held  that  they  were  simply  overgrown  and  distended 
prostatic  glands — a  urethral  infection  starting  the  process  in  the  first  place. 

Dr  Keith  and  the  President  also  joined  in  the  discussion,  to  which  Mr  Thomson 
Walker  replied. 

(2)  Professor  J.  T.  Wilson  read  a  paper  on  the  anatomy  of  the  calamus  region 
in  ths  human  bulb,  and  gave  an  account  of  a  hitherto  unrecorded  ^^  nucleus 
postreinus,^*  ^ 

•^  This  paper  will  appear  in  full  in  a  subsequent  issue  of  the  Journal  of  Analoniy  arid 
Physiology. 
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(3)  Professor  J.  Symington,  F.R.S.,  showed  specimens  illustrating  the  topo- 
gi'apJncal  anatomy  of  tlie  caput  yyri  hippocampi.  In  this  communication  it  was 
shown  that  the  longitudinal  furrow  on  the  caput  gyri  hippocampi,  named  sulcus 
rhinencephalus  inferior  by  Professor  G.  Retzius,  is  simply  an  impression  on  the  cerebral 
cortex  caused  by  the  anterior  part  of  the  free  edge  of  the  tentorium  cerebelli,  and  not 
a  true  sulcus.     The  paper  was  illustrated  by  specimens  and  photographs. 

(4)  Mr  F.  G.  Parsons  read  notes  on  tlte  coronal  suture,^  and  showed  by  many 
specimens  from  different  mammalian  orders  that  the  forward  projection  of  the 
anterior  inferior  angle  of  the  parietal  bone  was  correlated  to  the  retracting  action  of 
the  temporal  muscle  on  the  lower  jaw. 

(5)  Professor  A.  M.  Patbbson,  on  behalf  of  himself  and  Dr  Eubrys  Roberts, 
demonstrated  the  conditions  of  tlie  vertebral  column,  ribs,  sternum,  and  thoracic 
cavity  in  an  example  of  ectopia  of  the  heart  and  viscera,  and  discussed  the  bearing  of 
these  comiitions  on  the  question  of  the  development  and  morphology  of  the 
sternum. 

[Details  of  the  conditions  will  be  given  later  in  the  account  of  the  whole  series 
of  the  peculiarities  presented  by  the  specimen.] 

^  This  paper  will  appear  in  fall  iu  a  subsequent  issue  of  the  Journal  of  Aiialomy  and 
Physiolo^. 
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A  Meeting  of  the  Society  was  held  at  University  College,  London,  on 
Friday,  19th  January,  1906.  There  were  eighteen  members  and  twenty 
visitors  present.  The  President,  Professor  J.  Symington,  F.R.S.,  occupied 
the  chair.     The  minutes  of  the  previous  meeting  were  read  and  confirmed. 

The  following  were  elected  members  of  the  Society : — Philip  Turner, 
M.S.,  8  St  Thomas's  Street,  London,  S.E. ;  Henry  Mulrea  Johnston,  M.B., 
Demonstrator  of  Anatomy,  Trinity  College,  Dublin;  and  Edward  1).  Davis, 
Demonstrator  of  Anatomy,  Charing  Cross  Hospital,  London,  W.C. 

1.  Professor  Thane  exhibited : — 

(1)  A  sacrum  showing  a  casto-transverse  foramen  on  the  left  side  of  the 
first  vertebra  (fig.  1). 

(2)  A  specimen  in  which  the  upper  pulmonary  vein  of  the  left  side  opens 
into  the  innominate  vein  (fig.  2). 

The  accompanying  drawings  of  these  two  specimens  have  been  kindly 
made  by  Mr  T.  W.  P.  Lawrence. 

2.  Mr  T.  W.  P.  Lawrence  showed  preparations  (1)  of  the  parts  from  a 
case  of  progressive  muscular  atrophy,  (2)  of  an  abnormal  lung,  and  (8)  of  a 
double  vagina  and  uterus. 

3.  *Mr  Sydney  Sco'IT  read  a  paper  giving  records  of  the  Drcusmtlons 
of  the  Brachial  Plexus, 

4.  Dr  C.  E.  Beevor  showed  a  Riyht  Cerefmd  HemUphere  exhihifivy 
complete  interruption  of  the  Jinsure  of  Rolando  by  a  gyrus  which  passes 

*  Papers  marked  thus  *  appear  in  full  in  the  Journal  of  Anatomy  ami  J*hijsiol^y. 
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above  the  inferior  genu  from  the  ascending  parietal  convolution  into  the 
superior  frontal  gyrus.  This  bridging  gyrus  is  separated  from  the  middle 
frontal  gyrus  by  the  continuation  of  the  inferior  part  of  the  fissure  of 
Rolando  into  the  sulcus  praecentralis  superior.  It  was  taken  from  a  man 
aged  twenty-five,  who  died  from  peritonitis  after  appendicitis,  and  who  did 
not  present  any  cerebral  symptoms  during  life.  The  condition  is  very  rare. 
Dr  Beevor  had  injected  between  eighty  and  ninety  brains,  and  this  was 
the  only  example. 

In  Professor  Cunningham  s  work  on  the  Surface  Anatomy  of  the  Primate 
Cerebrum  it  is  stated  that,  according  to  Heschl,  this  condition  was  found 
six  times  in  2174  (or  once  in  362)  hemispheres,  and,  according  to  Eberstaller, 
twice  in  200  brains. 

In  the  figure  from  Sernoffs  case,  given  in  the  above  work,  the  loWer  part 
of  the  fissure  of  Rolando  is  not  continuous  with  the  sulcus  praecentralis 
superior,  as  in  this  case. 

5.  *Dr  F.  J.  Mackenzie  ishowed  a  specimen  in  which  the  hind-gut 
opened  into  a  clodcal  chamber  in  a  child  aged  one  year  and  eleven  months. 

6.  *Professor  Paterson  described,  for  Dr  Emrys-Roberts,  the  main 
features  of  a  case  of  partud  thoracic  and  complete  aJxiominal  ectopia, 
visceniniy  in  which  there  were  also  present  other  abnormalities,  including 
retroflexion  of  the  vertebral  column,  hydrocephalus  and  spina  bifida,  defective 
formation  of  the  large  intestine,  arrest  of  development  of  the  cloaca,  and 
absence  of  the  allantois. 

7.  *Professor  E.  Fawcett  read  a  paper,  illustrated  by  specimens  and 
thirty-seven  microphotographs,  on  the  OsHiJicafion  of  the  Upper  Jaw. 

A  second  paper,  illustrated  by  specimens  and  microphotogiaphs,  was 
read  by  Professor  Fawcett  on  tite  Us^djication  of  the  Palate  Bone.  He 
showed  that 

(a)  The  palate  bone  is  ossified  in  membrane  by  a  single  centre  at  the 
side  of  the  nasal  part  of  the  foetal  oral  cavity,  and  that  the  ossification 
extends  to  the  base  of  the  skull. 

(6)  Ossification  takes  place  at  the  time  the  embryo  is  about  19  mm.  in 
length  in  the  vertical  plate  of  the  bone  on  the  inner  side  of  the  palatine  nerves. 

(c)  The  horizontal  plate  is  not  formed  until  the  embryo  reaches  some 
24  mm.  in  length  and  the  two  halves  of  the  palate  have  become  horizontal. 

{d)  The  orbital  and  sphenoidal  processes  are  not  ossified  as  independent 
centres,  as  stated  by  Lambaud  and  Renault,  but  are  outgrowths  from  the 
vertical  plate  comparatively  late. 
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('')  The  sphenoidal  process  is  throughout  f<ptal  life  larger  than  the 
orbiUil  one. 

(/)  Up  U)  the  second  or  third  year  the  antero-pasterior  length  of  the 
palate  lione  is  greater  than  tlie  height. 

(//)  The  gnx)ve  for  articulation  with  the  internal  pterygoid  plate  is 
enormously  larger  than  the  other  grooves  on  the  tul)erosity. 

(A)  The  [>alate  bone  is  third  in  secjuence  of  ossification,  succeeding  the 
sujKjrior  maxilla. 
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A  Meetin(;  of  the  Society  was  held  at  Guys  Haspital,  London,  S.E,  on 
Friday,  f)th  March,  190G,  at  4  p.m.      There  were  eighteen  members  and  ten 
visitors  present.     I)r  Keith  (Vice-President)  occupied  the  chair. 
The  minutes  of  the  previous  meeting  were  read  and  confirmed. 

The  following  were  elected  memljers  of  the  Society: — D.  C.  L. 
FiTZWiLLiAM,  M.B.,  C  M.  Ed.,  17  Queen  Street,  Mayfair,  W. ;  Francis  S- 
Mackenzie,  M.B.,  CM.  Ed.,  The  County  Hospital,  York ;  and  Miss  H.  M. 
PiXELL,  B.Sc,  Bedford  College,  London,  W.C. 

1.  Mr  Philip  Turner  exhibited: — 

(1)  A  specimen  showing  flu^  two  coinnum  earoiid  arferieti  (trimijg  fnym 
if  roniiium  trnnky  and 

(2)  A  si>ecinien  in  which  the  rUfht  KulH-Uicidn  artery  a  rone  fnmi  the 
florwd  a<rrta, 

2.  Dr  Arthur  Keith  showed  :— 

(1)  Three  specimens  in  which  the  (/isfq^haf/iiM  ended  blindly  opposite  the 
trdcheal  hifare<dlon^iind  in  which  the  distal  portion  of  the  cvsophagus  was 
prolonged  from  the  lower  end  of  the  trachea.* 

(2)  A  specimen  in  which  the  pericardium  was  widely  open  on  the  left 
side.*  The  condition  really  was  one  of  great  distension  of  the  iter  venosum 
(Lock wood)  owing  to  the  intrapericardial  growth  of  the  lung. 

(*i)  S[)ecimens  in  which  the  niiriculo-ventricidur  himdle  of  His  was  dis- 
playcnl.  (It  was  arranged  that  Dr  Keith  should  introduce  a  discussion  on 
the  structure  of  the  heart  at  the  meeting  at  Belfast  in  June.) 
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3.  *Profe8sor  Fawcett  showed  a  number  of  specimens  illustrating 
ossification : — 

(1)  Specimens  of  the  hip-bone  from  55  mm.  f (ictuses,  mounted  in  balsam 
as  microscope  slides,  were  shown  to  indicate  that,  almost  contemporaneously 
with  the  appearance  of  an  entochondral  centre  in  the  ilium,  there  appears 
behind  this  a  fan-shaped  ectochondral  centre  which  extends  right  through  the 
mesoblastic  hip-bone  and  is  not  superficial  to  the  cartilage  as  in  ordinary 
ectochondral  ossification.  It  was  stated  that,  as  usually  described,  a  centre 
first  appeared  in  the  cartilage  of  the  hip-bone  above  the  great  sacro-sciatic 
notch,  that  this  was  followed  by  ectochondral  ossification  in  the  neighbour- 
hood of  the  posterior  inferior  iliac  spine,  and  perhaps  in  that  part  of  the 
bone  which  bore  the  posterior  limb  of  the  auricular  facet.  This  was  followed 
by  the   ordinary  ectochondral   ossification  along  the  margin  of  the  great 


Fig.  3. — 1.  Entochondral  bone  ;  2.  ectochondml  bone  ;  a.  anterior 
crest  segment ;  b.  posterior  crest  segment. 

sciatic  notch  at  its  deepest  part.  The  point  of  interest  is  that  cartilage- 
formed  bone  does  not  extend  to  the  posterior  inferior  spine.  Specimens 
of  more  advanced  age  showed  the  iliac  crest  to  be  completed  by  two 
epiphysial  masses,  one  for  the  dorsal  third  the  other  for  the  ventral  two- 
thirds.  This  was  well  marked  in  the  skeleton  of  a  boy  of  eighteen  years 
of  age  (see  fig.  3). 

(2)  The  sdci'UTn. — Here  it  was  pointed  out  that  the  sacrum  showed  at 
eighteen  years  of  age  those  epiphyses  which  complete  the  costal  processes 
as  in  the  lumbar  region.  That  these  costal  epiphyses  appeared  in  the 
intervale  between  the  free  extremities  of  all  the  costal  processes,  two 
between  S^  and  Sg,  two  between  Sg  and  S3,  and  that  these  lay  at  the 
front  and  back  of  the  intercostal  fissure.  By  their  expansion,  partly  in  the 
downward,  chiefly  in  the  upward  direction,  they  formed  the  auricular 
epiphysis,  an  epiphysis  which  resembled  that  of  the  centium  of  a  vertebra 
in    being   mainly   a   marginal   one.     The   costal   epiphyses   of   S3   and   S^ 
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were  single,  that  for  S^  being  of  large  size,  and  therefore  ossifying  earlier 
than  the  others. 

These  costal  epiphyses  of  S3  and  S^  might  unite  with  one  another 
directly,  forming  a  very  narrow  marginal  epiphysis  to  the  so-called  tuber- 
asity.  The  costal  epiphysis  of  the  third  sacral  vertebra  was  very  small ; 
that  of  the  fourth,  as  before  said,  being  very  large.  It  soon  makes  union 
with  the  epiphysis  of  the  transverse  process  of  S^,  and  the  common  ma&s 
so  formed  gives  rise  to  the  tuberosity  after  having  received  the  down-going 
epiphysis  of  the  transverse  process  of  S^.  The  tuberosity  then  was  a  mass 
compounded  of  costal  epiphyses  of  S3  and  S^,  and  epiphyses  of  transverse 
processes  of  S^  and  Sg. 

The  epiphyses  for  the  transverse  processes  exist  in  the  first,  third, 
fourth,  and  fifth.  That  for  the  first  is  large,  and  may  grow  down  to  form  a 
part  of  the  auricular  surface,  especially  along  the  anterior  margin.  Those 
for  the  fourth  and  fifth  are  large  and  comma-shaped,  and,  as  has  been  before 
said,  join  with  one  another  and  with  the  costal  epiphyses  of  S3  and  S^ 
to  form  the  tuberosity. 

In  one  specimen  of  sacrum  there  were  epiphyses  for  the  mammillary 
processes  of  the  first  sacral  vertebra,  and  epiphyses  for  the  spurious 
processes. 

One  specimen  showed  a  sacrum  fusing  on  one  side  with  the  fifth  lumbar 
vertebra ;  and  this  specimen  was  really  the  key  to  the  series,  as  here  the 
costal  epiphysis  of  the  fifth  lumbar  vertebra  was  shown  forming  a  wedge 
between  that  process  and  the  corresponding  one  on  the  first  sacral 
vertebra. 

(3)  The  fifth  lumbar  vertebra. — This  was  a  specimen  of  eighteen  years 
of  age,  and  it  showed  that  the  so-called  costal  process  is  not  only  costal  but 
transverse  as  well,  and  that  each  element  has  its  own  epiphysis,  a  condition 
accentuated  in  the  Hrst  sacral  vertebra. 

(4)  A  lantern  slide  of  a  coronal  section  of  the  head  of  a  human  embryo  of 
70  mm.  length.  It  showed  that  there  appears  at  the  junction  of  the 
eminentia  articularis  with  the  remainder  of  the  squamous  part  of  the 
temporal  bone,  a  mass  of  cartilage :  both  stjuamous  and  zygomatic  seem  to 
plunge  into  this.  The  backward  extent  of  this  cartilage  coincides  with  that 
of  the  condyle  of  the  jaw. 

(5)  A  lantern  slide  of  a  coronal  section  of  the  same  embryo  showing  that 
the  cartilaginous  part  of  the  great  wing  of  the  sphenoid  does  not  extend 
beyond  the  pterygoid  crest,  and  that  the  alisphenoid,  pterygoid  crest,  and 
external  pterygoid  plate  are  not  preformed  in  cartilage. 

(6)  Two  jyatelhjb  showing  ossification  just  commencing  by  two  centres 
lying  side  by  side. 
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3.  Dr  H.  M.  Johnston  showed  specimens  of  Swpernuvierary  do'pal 
Bones. 

4.  *Dr  Walter  Kidd  showed  a  number  of  viiero-'photograj^hH  of  the 
nkin  of  the  foot  and  hand  in  various  mammals. 

5.  *Dr  Evelyn  J.  Evatt  read  a  paper  on  the  Devdopment  and  Evo- 
lution of  the  Papillury  Ridges  mi  the  VoUir  Surfaces  of  the  Hand. 

6.  *Mr  S.  Maynard  Smith  and  Dr  G.  J.  Jenkins  read  a  paper  on  the 
Waterslieds  of  tite  PeHtoneuvi,  in  which  they  showed  the  directions  taken 
by  fluid  free  in  the  abdomen  in  different  positions  of  the  body. 

7.  Mr  K  S.  Frazer  read  a  paper  on  the  MorpltoliKjy  of  the  Hypothenar 
MitscleSy  in  which  he  controverted  Brooks's  view  of  the  origin  of  some  of 
the  short  muscles  of  the  little  finger. 

♦  Papers  marked  thus  *  appear  in  full  in  the  Journal  of  Anatomy  and  Physiology. 


JOURNAL    OF    ANATOMY    AND 

PHYSIOLOGY 


ON  THE  DEVELOPMENT  OF  THE  HIND-BRAIN  OF  THE  PIG. 
By  O.  Charnock  Bradley,  M.B.,  D.Sc,  F.R.S.E.,  Royal  Veterhim'y 
College,  Edinburgh.    (Plates  I.-XI.) 

Part  I. 

Probably  because  the  description  given  by  the  late  Professor  Wilhelm  His 
of  the  development  of  the  human  hind-brain  was  so  clear  and  detailed,  only 
a  comparatively  small  number  of  investigators,  during  the  past  twenty 
years,  have  turned  their  attention  to  this  province  of  mammalian  embry- 
ology. Nevertheless,  in  the  somewhat  sparse  literature  which  does  exist, 
several  questions  of  importance  have  been  raised,  and  conflicting  opinions 
expressed.  To  mention  only  one  point  of  surpassing  interest  and  import- 
ance, all  are  not  agreed  as  to  the  formation,  degree  of  development,  and 
histogenetic  function  of  the  rhombic  lip  (Rautenlippe)  in  embryos  of 
mammals  other  than  Man.  There  are  those  who  are  not  satisfied  as  to  its 
formation  even  in  the  human  embryo. 

In  the  conviction  that  the  examination  of  even  an  isolated  species  of 
mammal  may  afford  additions  to  the  sum  of  facts  from  which  valuable 
generalisations  may  be  deduced,  it  was  decided  to  investigate  some  of  the 
steps  of  the  development  of  the  hind-brain  of  the  pig. 

In  most  cases  two  embryos,  of  equal  size,  were  chosen  from  the  same 
litter ;  the  one  being  sectioned  in  a  sagittal,  the  other  in  a  coronal  direction. 
In  the  case  of  the  younger  material  more  than  two  embryos  were  examined. 

With  the  exception  of  two  embryos  where  such  a  proceeding  w^as  not 
deemed  necessary,  models  were  made,  according  to  Born*s  wax-plate 
method,  of  the  hind-brain  of  all  the  different  stages  herein  described.  In 
many  instances  it  was  considered  advisable  to  make  two  models  from  the 
same  embryo — one  of  the  whole  of  the  hind-brain,  and  another  of  part  of 
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that   organ   under  greater   magnification.     By  this    means,   it   is    hoped, 
greater  accuracy  of  description  has  been  attained. 

The  following  table  shows  the  material  employed  in  this  research : — 


Age  of 
Embryo. 


Length  of 
Eiiibryo. 


Models. 


1. 
2. 
3. 
4. 
6. 

6. 

»» 
/. 

8. 

9. 
10. 
11. 
12. 


19  days. 
22  „ 
25  ,. 
28i  „ 
30  „ 
35 


8  mm. 
15 


» 


>» 


40 
48 
55 
70 


23 

25 

32 

37 
43 

52 

80 

100 

150 


0) 

(2) 
(1) 
(^ 
(1 

(1 

(•2 
0 


X  50. 
X  100. 
X  41|. 
(l)art)  X 
X  41§. 
(part)  X 
X  27  ^V 
(jmrt)  X 
X  18. 
(jiart)  X 
X  18. 
(l>art)  X 


83J. 
83i. 
83  J. 
35f 
351. 


X  35f. 
X  2H?. 
X  35  f. 
(part)  X  71f 


Although  the  "  age  "  of  the  different  embryos  is  given  above,  it  is  not 
intended  that  this  should  signify  more  than  the  length  of  time  which 
elapsed  between  the  time  of  coition  and  the  time  when  the  mother  was 
destroyed.  An  examination  of  Keibel's  Ncrrmentafel  (1)  shows  that  coition 
and  fertilisation  of  the  ovum  are  not  by  any  means  contemporaneous,  or 
even  approximately  so  in  the  pig.  In  embryos  taken  from  two  litters,  it 
not  infrequently  happens  that  those  which  should  be  farther  advanced  in 
development,  judging  from  the  period  which  has  elapsed  since  sexual 
congress  took  place,  are  as  backward  as,  or  even  more  backward  than, 
those  of  the  "younger"  litter. 

General  Description. 

\Q-dnyH  Einht^yo. — In  the  embryo  taken  from  the  uterus  19  days  after 
coition,  the  hind-brain  is  still  in  a  rudimentary  condition.  The  fissura 
rhombo-mesencephalica  (Kupffer)  is  distinct,  and  the  cervical  flexure  is 
well  marked ;  but  the  pontine  flexure  has  only  begun  to  be  formed  (flg.  1). 
The  hind-brain,  as  a  whole,  is  in  the  form  of  a  slightly  bent  tube,  the 
calibre  of  which  is  gi-eatest  at  about  the  junction  of  the  anterior  third  with 
the  posterior  two- thirds.     The  roof  of  the  tul)e  is  membranous  from  the 
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cervical  flexure  to  within  a  short  distance  from  the  constriction  which  marks 
the  anterior  limit  of  the  hind-brain.  The  cerebellum  is  very  rudimentary, 
and,  indeed,  is  very  difficult  of  accurate  definition.  Immediately  behind  the 
fissura  rhombo-mesencephalica  there  is  a  short  non-membranous  dorsal  union 
between  the  two  halves  of  the  neural  tube ;  but,  with  this  exception,  the 
primitive  Anlagen  from  which  the  future  cerebellum  arises  are  only  con- 
nected by  the  membrana  obturatoria  quarti  ventriculi  (KoUiker).      (Fig.  9.) 

Transverse  sections  taken  anywhere,  except  at  the  most  anterior  part 
of  the  hind-brain,  present  a  remarkable  similarity,  whether  they  are  from 
the  medulla  or  the  region  of  the  cerebellum.  It  is  noteworthy  that,  though 
the  alar  and  basal  laminae  are  clear  and  distinct  in  the  spinal  cord  and  in 
the  mid-brain,  it  cannot  be  said  that  they  are  precisely  defined  in  any  part  of 
the  hind-brain.  In  fact,  the  hind-brain  at  this  stage  consists  of  two  lateral 
plates  (tig.  9),  diverging  from  each  other  more  and  more  as  the  widest  part 
of  the  neural  tube  is  approached ;  but  joined  ventrally  at  an  acute  angle, 
indicated  on  the  surface  of  the  model  by  a  median  ventral  ridge,  which, 
though  more  pronounced  in  the  region  of  the  future  pontine  flexure,  can 
readily  be  traced  all  the  way  from  the  cervical  to  the  cephalic  flexure. 

From  the  above  it  will  be  seen  that  there  is  practically  a  uniformity  of 
construction  of  the  whole  of  the  hind-brain  at  this  period  of  development. 

In  this  embryo  there  are  seven  neuromeres  lying  between  the  cephalic 
and  cervical  flexures  (fig.  2).  Attention  has  been  called  to  these  structures 
elsewhere  (2).  It  is,  therefore,  unnecessary  to  give  more  than  a  brief 
account  of  them  here.  The  interior  of  the  neural  tul>e  presents  seven 
grooves,  of  unequal  extent  and  depth,  corresponding  to  elevations  on  the 
exterior.  Following  the  lead  of  previous  observers,  these  grooves,  with  the 
external  elevations  produced  by  them,  are  held  to  indicate  the  presence  of 
neuromeres.  Longitudinal  sections  show  that  the  height  of  the  ridges 
separating  the  neuromeral  grooves  is  often  disproportionate  to  the  depth 
of  the  constrictions  between  the  external  elevations. 

The  first  neuromere  is  large  and  from  it  the  cerebellum  arises,  as  has 
been  shown  by  Orr  (3),  Hill  (4),  and  Kupffer  (5).  The  seventh  neuromere 
is  second  in  point  of  size,  and  has  a  deep  and  extensile  internal  depression. 
Whether  it  is  a  neuromere  of  the  hind-brain  or  of  the  spinal  cord  may  be 
open  to  question,  since  Hill,  after  careful  examination  of  the  neuromeres 
of  fishes  and  the  chick,  has  announced  it  as  his  conviction  that  there  are 
never  more  than  six  neuromeres  in  the  rhombencephalon. 

22'day8  Embryo. — In  the  hind-brain  of  an  embryo  22  days  old,  the 
cervical  flexure  is  more  abrupt  and  the  pontine  flexure  better  marked 
than  in  the  19-days'  embryo  (fig.  3).  The  two  lateral  parts  of  the  cerebellum 
have  increased  in  size,  and  their  median  connection  is  more  extensive.     As 
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a  consequence  of  these  developments,  the  outline  of  the  membranous  roof 
of  the  ventricle  (Rautenfeld)  has  changed.  Those  lateral  borders  of  it 
which  lie  in  front  of  the  greatest  transverse  width  of  the  rhombencephalon 
are  now  convex  towards  the  middle  line,  instead  of  concave  as  previously. 
This,  and  the  subsequent  changes  in  the  outline  of  the  "  Rautenfeld,"  are 
similar  to  those  figured  by  Gronberg  as  occurring  in  Erinaceus  (6). 

The  distinction  between  alar  and  basal  laminae  can  now  be  traced  from 
the  spinal  cord  into  the  medulla,  but  only  for  a  short  distance.  The  median 
ventral  ridge,  spoken  of  in  connection  with  the  younger  embryo,  is  now  con- 
fined to  the  district  occupied  by  the  pontine  flexure  and  the  isthmus  rhomb- 
encephali,  but  in  tliis  situation  it  is  even  better  marked  than  previously. 

Seven  neuromeres  can  still  be  detected  (fig.  4).  Their  internal  de- 
pressions are  deep  and  very  clear,  but  the  corresponding  external  elevations 
and  the  intervening  constrictions  have  become  faint.  The  seventh  depres- 
sion is  more  shallow  than  before,  and  the  sulcus  between  the  alar  and  basal 
laminae  (sulcus  limitans)  is  continued  into  it. 

An  examination  of  the  two  youngest  embryos  herein  described  reveals 
in  a  very  clear  manner  the  nerve -connections  of  the  neuromeres.  Stated 
briefly,  these  are  as  follows : — The  N.  trigeminus  arises  primarily  from  the 
second  neuromere,  but  establishes  a  secondary  connection  with  the  third 
also.  The  acustico-facialis  root-complex  is  associated  with  the  fourth 
neuromere,  and  the  glosso-pharyngeus  and  vagus  with  the  sixth  and 
seventh  respectively.  The  nerve-relationship,  as  here  stated,  is  almost  in 
entire  accord  with  the  description  given  by  Prenant  (7)  of  the  condition 
found  by  him  in  a  14-mm.  pig  embryo. 

In  the  22-days'  embryo  the  otic  vesicle  lies  opposite  the  fifth  and  the 
greater  part  of  the  sixth  neuromere.  In  the  19-days'  embryo  it  does  not 
extend  so  far  backwards,  and  it  is  therefore  concluded  that  the  real 
relationship  of  the  vesicle  is  with  the  fifth  neuromere,  the  association  with 
the  sixth  being  merely  the  result  of  expansion  of  the  vesicle. 

A  more  detailed  description  of  the  neuromeres  is  given  in  the  paper 
already  published. 

Gronberg  (6),  in  his  description  of  the  development  of  the  brain  of  the 
hedgehog,  attaches  gi-eat  importance  to  the  appearance  of  two  longitudinal 
grooves,  lateral  to  the  sulcus  centralis,  in  the  anterior  part  of  the  floor  of 
the  ventricle  in  the  earlier  stages  of  development.  The  more  lateral  of  the 
two  he  considers  to  be  the  true  sulcus  limitans ;  the  more  mesial  he  holds 
to  be  only  a  secondary  structure,  and  names  it  the  sulcus  intermedins. 
This  latter,  however,  he  avers  is  equivalent  to  what  His  has  recognised  as 
the  sulcus  limitans  of  the  human  embryo.  Thus  Gronberg  desires  to  shift 
the  sulcus  between  the  alar  and  basal  laminae  into  a  more  lateral  position. 
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A  comparison  of  fig.  1 1  (transverse  section  through  the  hind-brain  of  a 
22-days'  pig  embryo)  with  Gronberg's  fig.  59  (Taf.  18)  reveals  a  strong 
likeness.  Gronberg's  figure  is  from  a  hedgehog  embryo  of  about  the  same 
stage  of  development  as  the  22-day8'  pig;  and  the  section  is  from  about 
the  same  level  as  that  from  which  fig.  11  was  taken.  Both  figures  show 
two  apjxirently  longitudinal  grooves ;  but  the  model  of  the  pig  embryo  dis- 
closes the  neuromeral  nature  of  the  grooves.  Is  there  not  the  possibility 
that  the  grooves  in  Gronberg's  illustration,  and  called  by  him  sulcus 
limitans  and  sulcus  intermedins,  may  bear  a  like  interpretation  ?  This  is 
merely  a  query,  not  an  assertion.  Nothing  short  of  making  reconstruction- 
models  of  the  hind-brain  of  hedgehog  embryos  would  justify  one  in  saying 
that  Gronberg's  reading  is  not  the  correct  one.  At  the  same  time,  it  is 
strange  that  the  two  figures  should  be  so  much  alike. 

15-7/1971.  Einlyryo. — In  an  embryo  15  mm.  long  (25  days  old)  the  pontine 
flexure  is  well  marked  (fig.  5).  This,  in  association  with  the  increased  size 
of  the  cerebellar  lamina,  has  produced  a  gi*eat  alteration  in  the  shape  of  the 
outline  of  the  Rautenfeld.  It  is  now  in  the  form  of  a  triangle  whose  base, 
directed  forwards,  consists  of  a  median  notch  flanked  on  each  side  by  a 
convexity  produced  by  the  lateral  portions  of  the  posterior  border  of  the 
cerebellum.  Its  posterior  angle  no  longer  quite  reaches  the  cervical  flexure ; 
and,  since  the  lateral  recesses  are  beginning  to  form,  its  lateral  angles  are 
curved  slightly  forwards. 

In  addition  to  the  increased  antero-posterior  dimensions  of  the  lateral 
parts  of  the  cerebellum,  there  has  also  been  an  augmentation  of  their 
thickness.  The  inner  surface  of  each  half  is  now  convex ;  but  this  is  not 
entirely  due  to  an  increase  in  thickness,  for  there  has  been  the  concomitant 
production  of  an  external  concavity.  The  median  part  of  the  cerebellum 
has  begun  to  develop  a  marked  convexity  in  the  sagittal,  and  also  in  the 
transverse  direction — a  condition  of  some  moment,  as  subsequent  develop- 
ment will  show. 

Immediately  behind  the  posterior  edge  of  the  cerebellar  lamina  a 
choroidal  fold  has  begun  to  form.  This  begins  laterally  in  the  neighbour- 
hood of  the  incipient  lateral  recess,  and  is  continued  for  more  than  two- 
thirds  of  the  distance  between  this  point  and  the  middle  line.  Something 
less  than  the  median  third  of  the  lamina  shows  no  sign  of  folding. 

The  ventral  median  ridge,  present  in  the  earlier  stages,  has  entirely 
disappeared,  and  has  given  place  to  a  shallow  groove  continuous  with  the 
ventral  groove  of  the  spinal  cord.  The  groove  extends  forwards  to  a  level 
with  the  origin  of  N.  trigeminus.  Anterior  to  the  origin  of  the  N.  acustico- 
facialis  there  is  a  low  rounded  ridge  running  along  the  floor  of  the  groove. 

Alar  and  basal  laminsB  can  now  be  followed  from  the  spinal  cord  for 
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about  half  the  length  of  the  ventricle,  i.e.  nearly  to  the  most  anterior  root 
of  the  IX.  and  X.  cranial  nerves  (fig.  12).  Of  the  neuromeral  grooves  five 
are  still  evident  (fig.  6).  The  fii-st,  however,  is  shallow ;  the  second  is  of 
good  depth,  and  the  ridge  between  it  and  the  first  is  very  prominent.  The 
five  grooves  now  present  have  the  same  nerve  relations  as  had  the  most 
anterior  five  of  the  seven  in  the  earlier  stages.  The  sixth  and  seventh 
neuromeres  have,  therefore,  lost  their  internal  grooves,  and  it  appears  that 
this  has  resulted  from  an  anterior  extension  of  the  interzonal  sulcus  (sulcus 
limitans);  in  support  of  which  suppasition  may  be  cited  the  fact  that  the  sulcus 
is  much  wider  in  the  position  of  the  former  sixth  and  seventh  neuromeres. 

The  fact  that  alar  and  basal  laminsB  cannot  be  distinguished  in  the  early 
rhombencephalon,  and  that,  as  growth  proceeds,  they  gradually  extend,  as 
recognisable  entities,  farther  forwards,  appears  to  justify  emphasis. 

2S-mm.  EmhryiK — The  pontine  flexure  is  so  pronounced  in  this  embryo, 
that  the  floor  of  the  ventricle  slopes  gently  downwards  and  forwards  from 
its  posterior  end  to  opposite  the  lateral  recess  (fig.  7).  Anteriorly  it  is 
inclined  steeply  upwards  and  forwards. 

The  lateral  recess  is  now  deep  and  clearly  bounded.  Its  pasterior  limit 
has  become  defined,  partly  as  the  result  of  the  increase  of  the  pontine 
flexure  which  has  caused  the  ventricle  to  assume  suddenly  a  much  greater 
transverse  diameter  in  front  of  the  N.  acustico-facialis ;  but  partly,  also, 
as  the  result  of  intrinsic  development  of  the  hind-brain  in  this  region.  The 
cerebellum,  because  of  its  increase  in  size  and  its  greater  backward  projection 
produced  by  the  accentuation  of  the  pontine  flexure,  now  completely  roofs 
in  the  lateral  recess. 

The  increase  in  the  thickness  of  the  floor  of  the  ventricle  has  caused  the 
distinction  between  alar  and  basal  laminae  to  become  a  matter  of  difficulty. 
But  there  is  still  a  faint  gi-oove  visible  opposite  the  fasciculus  solitarius. 

It  will  be  noticed  that,  in  the  pig,  definite  alar  and  basal  laminae 
sepirat.'fl  from  each  other  by  a  sulcus  limitans  have  not  been  met  with  in 
tiie  anterior  part  of  the  rhombencephalon.  The  farthest  anterior  point  at 
which  they  can  be  distinguished  is  about  the  middle  of  the  length  of  the 
ventricle,  and  this  only  in  an  embryo  of  15  mm.  In  younger  material  they 
cease  to  be  obvious  at  a  more  posterior  level. 

Although  the  indications  of  neuromeres  are  generally  held  to  disappear 
at  a  comparatively  early  period,  there  are  grooves  in  this  and  older  embryos 
which  it  is  difficult  not  to  consider  as  the  direct  descendants  of  the  neuro- 
meral gi-ooves  of  younger  specimens.  A  comparison  of  figs.  6  and  7  will 
demonstrate  the  grounds  for  supposing  that  the  grooves  persist  for  a  much 
longer  time  than  is  generally  supposed.  That  grooves  do  exist  in  a  23-mm. 
embryo  is  shown  in  fig.  7;  and  these  grooves — four  in  number— have  the 
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same  topography  as  have  similar  depressions  in  fig.  6.  If  the  grooves  in  the 
older  embyro  are  not  the  descendants  of  those  in  the  younger,  it  is  strange 
that  they  should  be  so  similar  in  position  and  relations.  Until  the  contrary 
is  shown  to  be  the  case,  the  depressions  in  the  23-mm.  and  larger  embryos 
will  be  described  as  being  identical  with  those  of  the  earlier  embryos. 

The  first  and  second  depressions  are  partly  combined,  i.e.  they  are  now 
included  in  one  large  concavity ;  but  their  individuality  is  not  completely 
lost,  since  the  grooves  which  extend  laterally  from  them  into  the  lateral 
recess  of  the  ventricle  are  quite  distinct  from  each  other.  The  second 
depression  is  much  deeper  than  the  first. 

At  the  present  period  of  development  the  third  groove  has  gained  the 
supremacy  so  far  as  depth  is  concerned.  There  is  yet  a  fourth  depression, 
shallow  and  indistinct,  and  into  it  runs  the  possible  representative  of  tlie 
sulcus  limitans.  Microscopic  sagittal  sections  suggest  the  prasence  of  even 
a  fifth  depression,  but  concerning  its  actuality  there  is  some  room  for  doubt. 

2o-r?im.  Emhi'^yo. — In  an  embryo  only  2  mm.  longer  than  the  one  just 
described  (25  mm.,  30  days  old)  the  pontine  flexure  has  attained  its  maxi- 
mum curvature.  From  now  onwards  it  gradually  becomes  more  obtuse.  The 
extreme  degree  of  the  flexure  at  this  period  produces  a  great  exaggeration 
in  the  depth  of  the  medium  fissure  of  the  ventricle  on  a  level  with  the 
lateral  recesses.  These  latter  are  now  very  definitely  bounded — above  by 
the  cerebellum,  and  below  in  a  manner  presently  to  be  described  (fig.  23). 

The  connection  between  the  two  halves  of  the  cerebellum  has  in- 
creased in  thickness  in  that  part  adjacent  to  the  mid-brain.  Posteriori}^  it 
gradually  thins  away.  The  lateral  halves  of  the  cerebellum  are  still  con- 
cave on  the  outer  surface — this  being  in  striking  contravst  to  a  convexity 
occurring  in  the  median  region. 

By  this  time  the  choroid  plexus  is  well  formed,  and  is  disposed  in  the 
form  of  a  curve  whose  concavity  looks  forwards. 

Of  the  depressions  considered  in  the  last  embryo  as  vestiges  of  the 
neuromeral  grooves,  four  can  still  be  distinguished.  Internal  to  the  opening 
from  the  body  of  the  ventricle  into  the  lateral  recess,  the  first  and  second 
grooves  are  more  blended  than  in  the  23-mm.  embryo ;  but  into  the  recess 
itself  they  can  readily  be  traced  as  separate  entities.  Their  relative 
positions,  however,  have  been  altered  owing  to  the  increase  of  the  pontine 
flexure.  The  first  groove  now  lies  at  a  higher  level  than  the  second, 
instead  of  being  directly  anterior  to  it. 

The  third  groove  continues  to  be  deep  in  the  body  of  the  ventricle,  but 
it  is  with  difficulty  followed  into  the  recess.  The  fourth  groove  is  faint  and 
indistinct,  and  can  be  satisfactorily  demonstrated  only  in  sagittal  micro- 
scopic sections. 
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S'Z'VLNi.  Emxhi'yo. — The  rhombencephalon  of  the  next  older  embryo  shows 
several  features  of  interest.  The  pontine  flexure  is  less  abrupt.  The 
transverse  and  vertical  diameters  of  the  medulla  are  much  greater  than 
those  of  the  spinal  cord;  the  change  occurring  rather  suddenly  at  the  cervical 
flexure.  The  fourth  ventricle  fails  to  reach  the  cervical  flexure;  that  is, 
the  intercalated  portion  of  the  medulla  {ScJudtstUck  of  His)  lias  begun  to 
form.  The  dorsal  median  fissure  of  the  spinal  cord  is  continued  into  this 
part  of  the  medulla,  but  gradually  becomes  shallower  as  it  passes  forwards. 
A  short  distance  behind  the  posterior  tip  of  the  ventricle  the  bottom  of  the. 
fissure  develops  a  ridge,  to  which  attention  will  be  directed  later  (fig.  24). 

Viewed  from  the  surface,  the  two  halves  of  the  cerebellum  do  not  meet 
at  so  sharp  an  angle  as  formerly.  The  outer  surface  of  each  half  has  still 
a  slight  concavity  about  its  middle  (fig.  31),  but  its  posterior  portion  is 
decidedly  convex  (fig.  30).  The  external  convexity  of  the  median  region 
of  the  cerebellum,  which  had  made  its  appearance  in  the  previous  embryo, 
is  now  very  prominent,  and  does  not  extend  so  far  back  as  the  posterior 
border  of  the  cerebellum  (figs.  30  and  31).  Viewed  from  the  inside,  the  two 
halves  of  the  cerebellum  are  separated  by  a  median  saggital  fissure  which  is 
very  deep  on  a  level  with  the  external  convexity  just  mentioned.  This 
fissure  has  taken  the  place  of  a  wide  groove,  previously  present,  correspond- 
ing to  the  thin  median  connection  of  the  two  moieties  of  the  cerebellum. 
The  change  from  a  fairly  wide  groove  into  a  contracted  cleft  has  doubtless 
been  due  to  two  factors.  In  the  first  place,  the  outward  bulging  of  this 
part  of  the  cerebellum,  without  a  commensurate  increase  in  vertical  thick- 
ness, must  have  contributed  to  the  deepening  of  the  groove.  Secondly,  the 
lateral  walls  of  the  groove  have  become  steeper  and  taller  because  of  the 
increase  in  thickness  of  the  lateral  halves  of  the  cerebellum,  and  the 
resulting  increase  in  the  internal  convexity  of  these  pai-ts. 

In  the  posterior  part  of  the  cerebellar  lamina,  and  in  the  wider  part  of 
the  fissure  just  described,  a  prominent  ridge  has  made  its  appearance 
(fig.  30).  The  ridge,  however,  disappears  as  the  deeper,  more  anterior, 
portion  of  the  fissure  is  approached.  The  occurrence  of  a  ridge  is  no  doubt 
associated  with  the  initiation  of  the  process  of  filling  up  of  the  fissure.  It 
is  of  interest  to  note  that  Schaper  (8)  figures  a  similar,  if  larger,  ridge  at 
the  bottom  of  the  "  Medianfurche  "  (ventral  surface  of  the  "  Deckplatte  ") 
in  trout  embryos  (c/,  for  example,  his  fig.  28).  It  may  be  remarked  that 
a  similar  ridge  is  present  (and  was  also  visible  in  the  25-mm.  embryo)  at 
the  bottom  of  what  may  for  convenience  be  called  the  ascending  (anterior) 
portion  of  the  median  fissure  (sulcus  centralis)  in  the  floor  of  the  ventricle 
Even  in  the  23-mm.  embryo  the  precursor  of  the  ridge  can  be  detected. 

It  should  be  here  noted  that  at  no  time  in  its  development  does  the 
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cerebellum  of  the  pig  present  the  internal  features  described  by  Kolliker 
(9)  as  occurring  in  the  rabbit.  Kolliker  remarks  that  frontal  sections 
reveal,  on  the  under  (inner)  surface  of  the  developing  cerebellum,  a  deep 
median  and  two  lateral  fissures.  The  surface,  tlierefore,  he  says,  has  four 
longitudinal  ridges  running  along  it;  of  these  the  more  lateral  are  the 
largest.  This  assertion  is  supported  by  the  figure  of  a  frontal  section 
(fig.  338)  through  the  cerebellum  of  a  1 6-day s'  rabbit  embryo.  In  its  lack 
of  the  lateral  fissures,  the  pig  resembles  the  sheep  (cf.  Kuithan's  figures). 

The  general  character  of  the  lateral  recess  has  not  altered  materially, 
though  its  roof  and  floor  are  nearer  together  owing  to  addition  to  the 
thickness  of  the  cerebellum  by  which  the  roof  is  formed.  Because  of  a 
diminution  in  the  transverse  diameter  of  the  ventricle  just  behind  the  opening 
into  the  recess,  the  isolation  of  the  latter  is  rendered  more  conspicuous. 

In  the  body  of  the  ventricle  there  is  a  shallow  depression,  occupying 
tlie  same  relative  position  as  the  first  and  second  grooves  described  in  the 
preceding  paragraphs  as  neuromeral  in  origin.  From  this  depression  a 
deep  furrow  runs  outwards  into  the  lateral  recess,  in  the  outer  and  anterior 
part  of  which  it  divides  into  two — thus,  possibly,  indicating  its  duplex 
constitution.  The  third  groove  is  of  great  depth  in  the  body  of  the 
ventricle,  and  can  be  readily  followed  into  the  lateral  recess. 

52-7/17?!.  Eirdn^o. — In  the  next  embryo  (40  days)  the  intercalated  part 
of  the  medulla  has  increased  materially  in  extent.  The  cerebellum  has 
developed  rapidly,  and,  examined  from  the  exterior,  now  shows  a  division 
into  an  elementary  vermis  and  two  lateral  hemispheres.  The  vermis  is 
most  markedly  developed  anteriorly,  where  it  forms  a  rounded  projection 
overlying  the  rudimentary  anterior  medullary  velum,  and  extending  for 
some  distance  in  front  of  the  anterior  limit  of  the  hemispheres.  Such  an 
early  indication  of  a  vermis  seems  to  militate  against  Bolk's  contention 
that  it  is  not  a  fundamental  division  of  the  cerebellum  (10). 

There  can  be  little  doubt  that  the  vermis  has  sprung  directly  from 
the  median  convexity  present  in  the  earlier  embryos.  Thus  the  median 
thin  portion  of  the  cerebellum  only  produces  a  very  small  part  of  the 
vermis,  almost  the  whole  of  it  being  developed  from  the  more  mesial 
parts  of  the  lateral  halves  of  the  cerebellar  lamina. 

The  transverse  diameter  of  the  cerebellum  is  much  greater  than  that 
of  the  underlying  portion  of  the  rhombencephalon  (figs.  42  and  43). 
The  sulcus,  which  has  been  described  elsewhere  (11)  as  demarcating  the 
nodulus  and  flocculus  from  the  rest  of  the  cerebellum,  is  now  present. 
The  deep  sagittal  median  fissure  found  on  the  inner  surface  of  the  cere- 
bellum in  the  previous  embryo  has  become  a  veritable  cerebellar  ventricle 
(figs.    43   and   44),   such   as   has   already   been   described    in    mammalian 
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embryos  by  Blake  (12).  This  narrow  cavity  extends  forwards  into  the 
anterior  projection  of  the  vermis,  so  that  its  communication  with  the  rest 
of  the  fourth  ventricle  is  directed  downwards  and  backwards.  {Cf,  figs. 
43  and  44.)  In  the  depth  of  the  cerebellar  ventricle  there  is  still  a  trace 
of  the  median  ridge  already  mentioned  (fig.  43). 

The  under  surface  of  the  anterior  medullary  velum  is  marked  by  a 
sagittal  furrow,  which  may  be  looked  upon  as  a  shallow  forward  con- 
tinuation of  the  fissure  out  of  which  the  cerebellar  ventricle  has  developed. 

It  is,  perhaps,  worthy  of  remark  that  a  ridge  has  made  its  appearance 
where  the  cerebellum  joins  the  floor  of  the  fourth  ventricle  (fig.  42). 

In  the  posterior  part  of  the  floor  of  the  fourth  ventricle  the  lateral 
halves  of  the  medulla  are  inclined  to  each  other  at  a  very  acute  angle, 
a  condition  which  has  been  evolved  gradually  since  the  earlier  stages. 
A  ridge  can  still  be  distinguished  at  the  bottom  of  the  median  fissure  in 
the  anterior  part  of  the  ventricle  (figs.  42  and  43),  but  this  is  the  oldest 
embryo  in  which  such  a  feature  is  found. 

The  depression  occupying  the  position  of  the  first  and  second 
neuromeral  grooves  is  becoming  very  indistinct.  The  third  groove,  on  the 
other  hand,  is  deep  and  very  evident  in  the  body  of  the  ventricle,  and  is 
continued  into  the  lateral  recess  as  a  conspicuous  furrow. 

The  opening  from  the  ventricle  into  the  lateral  recess  has  become 
both  relatively  and  absolutely  narrower. 

80-m7?i.  Einbi*yo. — The  cerebellum  in  an  80-mm.  embryo  (48  days)  has 
an  unmistakable  vermis  and  two  lateral  hemispheres.  Fissures  are 
beginning  to  separate  the  lobes :  the  nodulus  and  flocculus  being  already 
completely  demarcated  from  the  rest  of  the  cerebellum.  The  cerebellar 
ventricle  has  become  filled  up  to  a  large  extent,  but  is  not  as  yet  com- 
pletely obliterated.  Where  the  cerebellum  meets  the  floor  of  the  ventricle 
there  are  now  three  short  ridge-like  elevations  in  the  place  of  the  one  in 
the  younger  specimen. 

The  groove  occurring  on  the  under  surface  of  the  anterior  medullary 
velum  is  now  very  shallow. 

The  floor  of  the  ventricle  has  altered  scarcely  at  all  in  the  interval 
Ixjtween  40  and  48  days.  The  third  neuromeral  groove  is  still  represented 
by  a  deep  depression  in  the  body  of  the  ventricle ;  but  it  now  lies  at  a 
level  slightly  in  front  of  the  opening  into  the  lateral  recess,  whereas, 
formerly,  it  was  on  a  level  with  the  opening.  This  change  of  position 
is  to  be  associated  with  a  backward  growth  of  the  anterior  wall  of  the 
recess,  rather  than  to  a  forward  movement  of  the  depression.  The  sub- 
sequent history  of  the  third  neuromeral  groove  shows  that  there  is  little 
reason    to   doubt   that   it   becomes  the  anterior  fovea  of  the  floor  of  the 
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fourth  ventricle.  It  may  be  again  repeated  that,  if  the  depression  is  not 
really  a  persisting  neuromeral  groove,  there  is  nothing  in  the  series  of 
embryos  examined  which  militates  against  the  contention  that  it  is  so. 

100-mm.  Emfyt^yo, — The  third  neuromeral  depression  is  again  deep  and 
occupies  a  position  considerably  anterior  to  the  opening  into  the  lateral 
recess,  into  which  no  continuation  of  it  can  now  be  demonstrated. 

The  three  ridge-like  eminences  at  the  junction  of  the  cerebellum  with 
the  floor  of  the  fourth  ventricle  are  more  prominent  than  in  the  earlier 
stage.  The  anterior  medullary  velum  is  thin,  its  ventricular  surface 
showing  a  median  sagittal  keel  corresponding  to  a  dorsal  furrow.  Even 
now  the  cerebellar  ventricle  has  not  entirely  disappeared. 
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EXPLANATION    OF   FIGURES.^ 

The  outlines  of  all  the  figures  representing  sections  were  made  by  means  of  a 
Leitz  camera  lucida. 

The  figures  illustrating  sections  are  arranged  so  that  the  first  figure  belonging  to 
one  particular  embryo  represents  the  most  posterior  section ;  the  last  figure  of  the 
series  representing  the  most  anterior. 

'I'he  following  reference  lettering  is  common  to  all  the  figures :— 


ax,  ala  cinerea. 

fw. 

Flugelwulst. 

ad.  alar  lamina. 

h,h. 

hind-brain. 

a.m,v.  anterior  medullary  velum. 

Lr, 

lateral  recess. 

a,p,  area  postrema. 

7n.b. 

mid-brain. 

h.  backward  projection 

of   the 

nX.  etc. 

nucleus    of    X    etc.    crania] 

roof  of  the  fourth  ventricle. 

nerve. 

hJ.  basal  lamina. 

oh. 

obex. 

hl.v8,  blood  vessels. 

o,v. 

otic  vesicle. 

ch,  cerebtdlum. 

pfl' 

paraflocculus. 

ex.  central  canal. 

p.m.v. 

posterior  medullary  vehim. 

C.V.  cerebellar  ventricle. 

r.l. 

rhombic  lip. 

cKpl.  choroid  plexus. 

8-0.8. 

subarachnoid  space. 

d.m.  dura  mater. 

I,  2,  3,  etc. 

1st,    2nd,    3rd,    etc.,    neuro 

floe,  flocculus. 

meral  grooves. 

/.«.  fasciculus  solitarius. 

V.  etc. 

V.  etc.  cranial  nerves. 

f,8p.  funiculus  separans. 

Fig.  1.  19  days'  embryo. 
Fig.  2.  19  days'  embryo. 
Fig.  3.  22  days'  embryo. 
Fig.  4.  22  days'  embryo. 
Fig.  5.  15  mm.  embryo. 
Fig.  6.  15  mm.  embryo. 


Exterior. 
Interior. 
Exterior. 
Interior. 
Exterior. 
Interior.     More  than  half 


Model  of  the  hind-brain. 
Model  of  the  hind-brain. 
Model  of  the  hind-brain. 
Model  of  the  hind-brain. 
Model  of  the  hind-brain. 
Model  of  the  hind-brain, 
of  the  brain  has  been  modelled.     The  cut  surface,  therefore,  is  greater  than  it  would 
be  in  the  middle  line. 

Fig.  7.  23  mm.  embryo.     Model  of  the  region  of  the  lateral  recess.     Interior. 
Fig.  8.   150  mm.  embryo.     Model  showing  half  of  the  most  posterior  part  of  the 
fourth  ventricle  and  the  central  canal.     From  within  and  in  front. 

Fig.  9.  19  days'  embryo.     Horizontal  section  through  the  hind-  and  mid-brain. 
Figs.  10  and  11    22  days'  embryo.     Transverse  sections  through  the  hind-brain. 
Figs.  12-15.   15  mm.  embryo.     Transverse  sections  through  the  hind-brain. 
Figs.    16-20.  23   mm.    embryo.     Transverse   sections   through   the  hind-brain. 
Fig.  19  shows  the  amount  of  development  of  the  rhombic  lip  of  the  cerebellum  in 
the  region  of  the  lateral  recess. 

Figs.  21-23.  25  mm.  embryo.     Transverse  sections  through  the  hind-brain. 
Figs.  24-31.  32  mm.  embryo.     Transverse  sections  through  the  hind-brain. 
Figs.    32-44.  52   mm.   embryo.     Transverse  sections   through   the   hind-brain. 
Figs.  34-40  illustrate  the  form  and  dimensions  of  the  rhombic  lip  at  different  levels. 

*  The  cost  of  reproduction  of  the  fignres  has  been  defrayed  by  the  Carnegie  Trust  for  the 
Univereities  of  Scotland. 
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NOTE  ON  THE  ELASTIC  TISSUE  IN  THE  EYE  OF  BIRDS.  By 
E.  Wage  Carlier,  M.D.,  F.R.S.E.,  etc.,  ProfeHHor  of  Physiology  in 
the  University  of  Bhvningham.    (Plates  XII.,  XIII.) 

Part  I. 

Afetliods. — The  eyes  were  bisected  into  anterior  and  posterior  halves,  and 
after  removal  of  lens  and  vitreous  humour  the  anterior  halves  were  placed 
in  picro-corrosive  formaline  mixture  (Mann*s  method).^  When  thoroughly 
fixed,  they  were  taken  up  the  alcohol  series  into  absolute  alcohol,  for  which 
benzole  was  gradually  substituted ;  they  were  then  transferred  to  a  mixture 
of  paraffin  and  benzole,  and  finally  placed  in  pure  paraffin  of  high  melting 
point  and  cast  into  blocks. 

Radial  sections,  including  all  the  coats  of  the  eyeball,  were  then  made 
through  the  comeo-sclerotic  junction,  smoothed  on  warm  water  and  arranged 
on  albumin-coated  slides.  After  removal  of  the  paraffin  the  sections  were 
stained  with  Weigert's  elastic  stain,  differentiated  in  90  per  cent,  alcohol, 
and  finally  moimted  in  xylol  balsam.  Other  sections  were  stained  by  well- 
known  histological  methods  for  purposes  of  comparison. 

Domestic  Fowl — G alius.    (Fig.  1.) 

The  membrane  of  Descemet  (posterior  elastic  lamina)  is  elastic  through- 
out, though  it  stains  by  no  means  vividly  with  Weigert's  stain.  Either 
from  this  membrane,  or  from  the  fibrous  tissue  of  the  cornea  immediately  in 
front  of  it,  intensely  stained  elastic  fibres -arise  to  pass  backwards  on  the 
inner  edge  of  the  sclerotic  to  open  out  and  form  a  network  which  comes  into 
relation  with  a  great  number  of  elastic  fibres  that  have  a  circular  course 
around  the  eyeball.  These  circular  fibres  make  their  appearance  anteriorly 
on  a  level  with  the  junction  of  the  cornea  to  the  conjunctiva ;  at  first  a  few 
fibres  only  are  visible  near  the  outer  edge  of  the  sclerotic,  arranged  one 
behind  the  other  in  rows,  but  they  soon,  however,  become  more  numerous 
and  spread  towards  its  inner  aspect,  becoming  very  numerous  where  the 
white  fibres  of  the  sclerotic  tend  to  encircle  the  eyeball.  Mingled  with 
these  to  some  extent  are  numerous  fine  fibres  that  encircle  the  canal  of 
Schlemm. 

^  G.  Mann,  Physiological  Histology^  Oxford,  1902,  p.  97. 
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These  three  sets  of  tibres  fill  this  reirion  with  a  fine  elastic  network. 

The  outer  half  of  the  sclerotic  contains  no  elastic  fibres  except  where 
the  conjunctival  connective  tissue  joins  with  that  of  the  sclerotic.  Here, 
however,  elastic  fibres  are  numerous ;  they  belong  to  the  conjunctiva  and 
not  to  the  sclerotic,  and  form  a  dense  sub-epithelial  elastic  bundle  with  an 
oblique  trend,  that  starts  from  the  junction  of  the  conjunctiva  with  the 
cornea. 

At  the  level  of  the  bony  plates  elastic  fibres  make  their  appearance  in 
the  outer  part  of  the  sclerotic ;  they  are  chiefly  confined  to  the  periosteum, 
and  take  for  the  most  part  a  circular  course  round  the  eyeball.  The  peri- 
chondrium of  the  cartilage  cup  that  envelops  the  eyeball  posteriorly  also 
contains  some  elastic  fibres;  at  first  numerous,  they  quickly  disappear 
from  the  outer  surface,  but  on  the  inner  aspect  of  the  cartilage  plate 
they  are  more  numerous,  arcuate  in  arrangement,  and  extend  quite  round 
the  eye. 

Between  the  bony  plates  and  the  ciliary  muscle  the  inner  half  of  the 
sclerotic  contains  very  many  elastic  fibres  that  have  a  circular  course ;  they 
diminish  greatly  in  number  as  the  cartilage  is  reached,  and  finally  they 
disappear  almost  entirely. 

The  ciliary  muscle  arises  from  white  fibrous  tissue  in  front  of  the  canal 
of  Sclilemm,  in  which  many  arcuate  elastic  fibres,  continuous  with  those 
surrounding  the  canal,  may  be  seen,  and  in  addition  a  few  very  fine  elastic 
fibres  run  in  the  endomysium  between  the  muscle  fibres  throughout  its 
length ;  they  lie  on  the  fibres,  have  a  somewhat  wavy  course,  and  increase 
in  number  towards  its  insertion  into  what  are  practically  bundles  of  coarse 
elastic  tibres  that  spring  at  the  level  of  the  ora  serrata  (fig.  6),  partly 
from  the  choroid  and  partly  from  the  perichondrium  of  the  inner  surface 
of  the  cartilage  cup.  About  midway  in  their  course  these  two  bundles  of 
elastic  fibres  intermingle  for  a  while,  to  again  separate  into  a  number  of 
short  insertion  slips  for  each  fibre  of  the  muscle.  Nearly  all  these  fibres 
have  an  antero-posterior  course  so  that  the  muscle  when  it  shortens  draws 
on  the  choroid  with  an  elastic  and  not  with  a  rigid  pull,  thereby  insuring 
against  shock  and  consequent  injury  which  a  sudden  contraction  of  the 
powerful  striped  tibres  with  which  the  bird's  eye  is  furnished  might  produce; 
at  the  same  time  the  part  of  the  tendon  inserted  into  the  cartilage,  which 
contains  rather  more  tibres  than  the  part  inserted  into  the  choroid,  is  put 
on  the  stretch,  and  as  the  cartilage  cannot  be  drawn  forwards,  this  band 
will  act  as  a  spring  to  produce  a  very  rapid  elongation  of  the  muscle  when 
its  contraction  ceases  and  so  produce  a  rapid  return  to  a  condition  of  com- 
plete negative  accoininodatioii. 

Many  circular  elastic  tibres  are  commingled  with  the  arcuate  fibres  of 
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this  tendon,  especially  on  the  inner  side  of  its  choroidal  half ;  they  can  be 
traced  forwards  in  the  choroid  until  they  become  continuous  with  those  of 
the  ciliary  processes. 

Crossing  the  angle  between  the  iris  and  the  cornea  are  numerous  strands 
of  fibres  that  constitute  the  pectinate  ligaments ;  they  consist  of  bundles  of 
coarse  elastic  fibres  covered  by  endothelium,  which  arise  from  the  elastic 
network  of  the  sclerotic  from  the  point  of  splitting  of  Descemet  s  mem- 
brane nearly  to  the  level  of  the  anterior  edge  of  the  cartilage  cup.  These 
bundles  are  thickest  anteriorly  and  pass  well  forwards  to  the  iris,  after 
entering  which  they  suddenly  disappear  and  fail  to  reach  the  body  of 
that  structure.  Behind  these  the  bundles  are  thinner  or  consist  of  single 
coarse  elastic  fibres  only,  that  form  an  open-meshed  elastic  net,  the  fibres 
of  which  sweep  across  the  ground  plate  of  the  ciliary  processes  in  a  thick 
maze  of  fibres  to  end  close  under  the  uveal  cells  which  cover  the  processes, 
by  becoming  continuous  with  the  arcuate  fibres  that  lie  just  outside  the 
pigment  of  the  pars  ciliaris,  which  in  their  turn  unite  with  the  fibres  of  the 
choroidal  insertion  of  the  ciliary  muscle. 

The  body  of  the  iris  contains  no  elastic  fibres  except  those  in  the  blood- 
ve&sel  walls,  and  none  can  be  detected  within  the  corneal  tissue. 

Pigeon — Colwviba  liina  (domestic  var.). 

In  this  bird,  the  only  part  of  Descemet's  membrane  stained  by  Weigert's 
method  is  a  narrow  band  along  its  corneal  surface,  which,  when  traced 
backwards,  splits  into  very  fine  fibres  that  become  quickly  lost  among  the 
elastic  fibres  of  the  sclerotic,  and  cannot  in  any  way  be  said  to  give  rise  to 
them.  The  elastic  fibres  of  the  sclerotic  arise  in  the  fibrous  tissue  of  the 
comeo-scl erotic  junction,  somewhat  anterior  to  the  junction  of  the  con- 
junctiva with  the  cornea ;  they  begin  as  a  few  isolated  circular  fibres  near 
the  middle  of  the  structure,  which  soon  become  numerous  and  extend  back- 
wards in  a  wedge-shaped  arrangement  to  become  intermingled  with  arcuate 
fibres ;  then  more  and  more  circular  fibres  make  their  appearance  between 
this  wedge  and  Descemet 's  membrane  until  the  inner  half  of  the  sclerotic 
becomes  filled  with  a  fine  network  of  elastic  fibres,  in  the  meshes  of  which 
lie  the  white  fibres  from  which  the  ciliary  muscle  takes  its  origin — the  few 
fibres  contributed  to  this  network  by  Descemet \s  membrane  being  quite 
insignificant. 

The  outer  half  of  the  sclerotic  contains  very  few  elastic  fibres,  except 
opposite  the  origin  of  the  ciliary  muscle,  where  a  dense  and  ever-widening 
network,  mostly  of  circular  fibres,  is  continuous  anteriorly  with  the  net- 
work of  the  inner  half  and  extends  backwards  to  the  anterior  edge  of  the 
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cartilage  cup,  to  the  perichondrium  of  which  it  furnishes  fibres  as  well  as  to 
the  periosteum  of  the  bony  plates. 

The  conjunctiva  contains  many  elastic  fibres,  mostly  sub-epithelial  in 
position. 

The  fibres  of  the  ciliary  muscle  are  accompanied  by  a  few  elastic  fibres 
that  lie  along  them,  and  are  inserted  into  a  mass  of  elastic  threads  which, 
after  an  arcuate  interwoven  course,  split  into  two  bundles,  of  which  the  one, 
ending  in  the  choroid  at  the  level  of  the  ora,  is  somewhat  thicker  than  the 
other,  which  ends  in  the  perichondrium  of  the  cartilage  cup  at  about  the 
same  level.  A  few  elastic  fibres  run  in  the  choroid  beyond  the  ora  towards 
the  back  of  the  eyeball. 

The  pectinate  ligaments  consist  of  several  coarse  elastic  fibres  united 
together  and  clothed  with  endothelium ;  they  spring  from  the  sclerotic — not 
from  Descemet's  membrane — and  cross  the  angle  towards  the  ciliary 
processes  to  end  under  the  uveal  cells.  From  this  a  bundle  of  arcuate 
fibres  runs  backwards,  external  to  the  pars  ciliaris,  to  become  continuous 
with  the  choroidal  elastic  insertion  of  the  ciliary  muscle.  A  few  of  the 
finer  anterior  pectinate  fibres  end  abruptly  in  the  iris,  only  penetrating  it 
for  a  very  short  distance. 

There  are  no  elastic  fibres  in  the  body  of  the  iris  except  in  the  coats  of 
the  vessels,  and  none  in  tlie  cornea. 

The  Lapwing — Vanellics  cristatui^. 

The  whole  thickness  of  Descemet's  membrane  is  feebly  stained,  its 
corneal  margin  being  the  most  deeply  coloured  part.  Posteriorly  it  breaks 
up  into  a  network  of  eleistic  fibres  that  go  to  form  the  pectinate  ligaments, 
which  cross  the  angle  in  the  usual  manner  to  end  chiefly  in  the  ciliary 
processes  just  external  to  the  uvea,  the  remainder  reaching  the  iris  along 
which  they  extend  for  a  short  distance,  finally  ending  abruptly  without 
penetrating  into  its  body.  Like  Descemet's  membrane,  from  which  they 
spring,  they  stain  but  faintly  with  Weigert's  dye. 

From  the  ciliary  processes  some  elastic  fibres  extend  backwards  along 
the  insertion  of  the  pars  ciliaris  retinae ;  they  are  few  in  number,  obscured 
by  the  pigment  cells  of  the  part,  and  end  some  distance  from  the  insertion 
of  the  ciliary  muscle  into  the  choroid. 

The  ground  plate  of  the  ciliary  processes  is  narrow  in  this  bird,  but 
contains  numerous  elastic  fibres.  From  the  corneal  tissue  behind  Descemet's 
membrane  the  elastic  fibres  form  a  fringing  network  lying  on  the  inner 
surface  of  the  sclerotic,  only  penetrating  its  structure  for  a  slight  distance 
so  that  a  considerable  area  of  tissue  between  the  network  and  the  canal  of 
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Schlemin  is  free  from  elastic  fibres  of  any  size,  though  a  few  small  ones,  just 
visible  with  a  magnification  of  1000  diameters,  may  be  detected  in  it. 

Outside  SchlemTn*s  canal  the  sclerotic  is  absolutely  free  from  elastic 
elements. 

The  ciliary  muscle,  which  is  of  large  size,  must  therefore  take  its  origin 
from  white  fibres ;  but  its  insertion  is  into  a  dense  though  thin  strand  of 
elastic  fibres  that  fills  the  whole  space  between  the  cartilage  cup  and  the 
choroid  coat,  into  which  it  is  eventually  fixed  by  a  long  insertion  reaching 
to  the  level  of  the  ora,  a  few  fibres  only  going  to  the  sclerotic. 

Th k  Dotterel — Charadriii^  vioriv ellwf^. 

This  bird  feeds  by  picking  up  small  larvaB,  Crustacea,  et<j.  from  among 
the  stones  on  the  sea-shore.  Descemet  s  membrane  is  el&stic  throughout ; 
it  thickens  posteriorly  to  split  into  a  network  containing  elastic  fibres  that 
passes  backwards  in  the  sclerotic  and  divides  to  enclose  the  canal  of 
Schlemm,  on  the  inner  side  of  which  most  of  the  elastic  fibres  lie ;  they  are 
coarse  and  circular  in  arrangement  with  very  few  arcuate  fibres  amongst  them. 

The  fibres  of  the  pectinate  ligaments  are  long,  thin,  and  made  up  of 
several  elastic  threads ;  they  do  not  crowd  the  angle  to  any  extent — the 
most  anterior  strands  run  well  forwards  to  the  iris,  where  they  suddenly 
end  just  under  the  endothelium,  leaving  the  Ixxly  of  the  iris  free  from 
elastic  tissue.  The  ground  plate  of  the  ciliary  processes  is  full  of  elastic 
fibres  that  extend  quite  to  the  tips  of  the  processes  in  long  strands,  w^hich 
soon  fade  away  posteriorly  into  a  network  of  fine  threads  that  liave  for  the 
most  part  a  circular  course ;  and  this  again  becomes  continuous  with  the 
thick  band  of  elastic  fibres  into  which  the  ciliary  muscle  is  inserted.  This 
band  extends  backwards  to  the  level  of  the  ora,  nearly  all  its  fibres 
terminating  in  the  choroid ;  a  few  fibres,  however,  run  to  the  cartilage  cup 
to  end  in  its  perichondrium. 

In  the  sclerotic  behind  Schlemm's  canal  are  numerous  fine  elastic 
threads  having  a  circular  course ;  they  soon  disappear,  leaving  the  tissue 
between  the  bony  plates  and  the  ciliary  muscle  practically  free  from  elastic 
tissue.  A  few  fine  elastic  threads  are  also  present  in  the  endomysium  of 
the  ciliary  muscle. 

Moorhen — Gallinula  chlcmipus, 

Descemet's  membrane  is  thin  and  elastic  throughout ;  it  thins  off^ 
posteriorly  into  a  minute  thread  that  joins  the  ela.^tic  network  of  fibres  in 
the  inner  part  of  the  sclerotic  coat ;  the  fibres  of  this  network  spring  from 
the  fibrous  tissue  just  in  front  of  the  termination  of  Descemet's  membrane, 
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and  thence  spread  backwards  in  a  wedge-shaped  formation  to  enclose  the 
canal  of  Schlemm,  at  which  level  many  of  the  fibres  are  circular  in  arrange- 
ment. On  the  inner  side  of  the  canal  these  fibres  are  coarse,  elsewhere 
they  are  thin  and  exhibit  no  very  definite  arrangement ;  beyond  the  canal 
the  tissue  internal  to  the  ciliary  muscle  is  full  of  circularly  running  fibres 
that  extend  nearly  to  the  insertion  of  the  muscle.  The  outer  part  of  the 
sclerotic  also  contains  some  minute  elastic  fibres  whose  course  is  mostly 
arcuate,  though  some  run  circularlJ^ 

The  conjunctival  elastic  tissue  is  very  fine,  mostly  longitudinal  in  its 
trend  and  scattered  throughout  its  thickness. 

From  the  network  on  the  inner  side  of  the  sclerotic  many  coarse  elastic 
fibres  spring,  which  in  crossing  the  angle  often  unite  to  form  thicker 
strands ;  they  pass  forwards  to  the  iris,  into  which  they  penetrate  for  some 
little  distance,  to  become  united  with  fine  elastic  fibres  in  the  walls  of  the 
numerous  blood-vessels  that  lie  on  the  anterior  aspect  of  the  iris  in  this 
bird ;  others,  and  they  are  the  most  numerous,  run  into  the  ciliary  ground 
plate,  where  they  unite  with  an  antero-posteriorly  running  network  of 
coarse  fibres  that  completely  fill  the  ground  plate ;  few  fibres,  if  any, 
enter  the  ciliary  processes.  Anteriorly,  this  network  stops  at  the  iris; 
posteriorly,  it  extends  as  numerous  arcuate  fibres  along  the  choroid  to 
unite  with  the  insertion  bundle  of  the  ciliary  muscle.  The  angle  is 
by  no  means  crowded  with  elastic  fibres,  and  the  spaces  of  Fontana  are 
therefore  wide. 

The  ciliary  muscle  arises  from  white  fibrous  tissue,  in  which  a  few 
elastic  fibres  are  visible ;  it  passes  backwards  to  be  inserted  into  its  elastic 
tendon,  which  splits  as  usual  into  two  strands — an  external  smaller  bundle 
that  runs  to  end  in  the  perichondrium  of  the  cartilage  cup,  and  an  inner 
larger  bundle  that  runs  along  the  outer  surface  of  the  vascular  layer  of  the 
choroid  to  end  about  the  level  of  the  ora  serrata. 

The  Magpie — Pica  rimtica.    (Fig.  2.) 

Descemet's  membrane,  which  is  elastic  throughout,  thins  off  suddenly 
into  a  fine  network  on  the  surface  of  the  fibrous  tissue.  From  the  junction 
of  the  cornea  with  the  sclerotic  across  its  whole  breadth,  fine  elastic  fibres 
spring  to  converge  inwards  and  backwards  until  they  pass  internal  to  the 
canal  of  Schlemm,  near  which  the  arcuate  fibres  are  more  conspicuous  than 
elsewhere,  either  from  being  coarser  or  from  being  gathered  into  bundles. 
On  the  outer  side  of  the  canal  the  sclerotic  also  contains  many  fine  elastic 
fibres  having  a  circular  course ;  they  are  scattered,  and  envelop  the  anterior 
margin  of  the  bony  plates,  on  the  outer  surface  of  which   they  become 
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continuous  with  the  very  numerous  elastic  fibres  of  the  loose  tissue  outside 
the  eyeball  and  with  those  of  the  conjunctiva. 

The  pectinate  ligaments  are  very  numerous,  of  medium  thickness,  closely 
packed  together,  and  entirely  composed  of  elastic  tissue  coated  with  endo- 
thelium. They  spring  from  the  inner  border  of  the  sclerotic  and  almost 
completely  fill  the  angle  between  it  and  the  iris,  after  crossing  which  they 
extend  forwards  within  the  iris  for  some  distance  to  become  continuous 
with  the  elastic  fibres  which  are  present  in  considerable  number  along  its 
posterior  surface  and  base.  Most  of  the  pectinate  ligaments  end  in  the 
ground  plate  of  the  ciliary  processes,  from  which  fibres  pass  forwards  to  the 
iris  and  inwards  to  the  ciliary  processes,  where,  however,  they  are  not  very 
numerous,  and  finer  than  in  most  birds.  From  the  ground  plate  the  fibres 
may  be  traced  backwards  among  the  pigment  cells  of  the  choroid  to  the 
insertion  of  the  ciliary  muscle  into  the  usual  bundle  of  coarse  elastic  fibres, 
which,  when  traced  backwards,  is  seen  to  split  into  two  strands — the  one  to 
terminate  in  the  sheath  of  the  sclerotic  cartilage,  where  it  suddenly  fades 
away ;  the  other,  somewhat  shorter,  ends  as  suddenly  by  becoming  merged 
with  the  elastic  network  around  the  choroidal  vessels. 

From  the  point  of  origin  of  the  ciliary  muscle  many  elastic  fibres  spring 
which  accompany  the  muscle  fibres,  and  may  become  merged  with  the 
network  in  the  inner  part  of  the  sclerotic,  which  chiefly  consists  of  fine 
circular  fibres  that  are  numerous  within  the  bony  plates,  and  may  be  traced, 
though  in  diminishing  numbers,  to  the  level  of  the  outer  lip  of  the  cartilage 
cup,  where  they  practically  disappear. 

There  is,  therefore,  much  elastic  tissue  present  in  the  eye  of  this  ground- 
feeding  bird. 

The  Rook — Trypanocorax  fimgilegxis. 

The  membrane  of  Descemet  is  not  stained  by  Weigert's  method,  and 
therefore  probably  does  not  consist  of  elastin ;  in  this  it  resembles  the 
same  structure  in  most  mammals. 

The  elastic  fibres,  which  are  confined  to  the  inner  half  of  the  sclerotic, 
take  origin  at  the  level  of  the  junction  of  the  conjunctiva  with  it ;  they  are 
very  fine,  few  in  number,  and  circular  in  arrangement.  The  fibres  of  the 
pectinate  ligaments  arise  from  a  very  shallow  elastic  network  on  the  inner 
aspect  of  the  sclerotic,  which  receives  no  elastic  tissue  from  Descemet's 
membrane.  This  network  appears  to  be  continuous  with  that  starting 
from  the  junction  ;  but,  owing  to  the  number  of  pigment  cells  present,  this 
could  not  be  ascertained  with  certainty.  The  pectinate  ligaments  consist  of 
thin  bundles  of  elastic  fibres  that  pass  over  to  the  iris  and  ground  plate  of 
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the  ciliary  processes,  along  the  border  of  which  they  practically  end,  only 
a  few  minute  fibres  passing  into  the  ciliary  processes. 

The  ciliary  muscle  arises  from  a  tissue  that  contains  few  elastic  fibres, 
and  is  not  accompanied  by  any  in  its  course.  It  is  inserted,  however,  into 
the  usual  thick  strand  of  arcuate  fibres  that  splits  posteriorly  into  two 
bundles — one  passing  to  the  perichondrium  of  the  cartilage  cup,  and  the 
other  ending  in  the  choroid  coat.  Most  of  its  fibres  pass  internal  to  the 
vessels,  and  fade  away  posteriorly ;  the  others  run  outside  the  vessels,  quickly 
diminish  in  number,  and  disappear  entirely  at  the  level  of  the  ora  serrata. 

The  outer  part  of  the  sclerotic  contains  no  elastic  fibres,  though  the 
conjunctiva  is  rich  in  thick  fibres  that  lie  under  its  epithelial  covering. 

There  is  remarkably  little  elastic  tissue  in  this  eye. 

MiSTLE  Thrush — Turdus  viscivonifi.    (Fig.  3.) 

Descemet's  membrane  is  thin  and  pale;  it  breaks  up  posteriorly  and 
(|uickly  fades  away,  to  be  succeeded  by  many  scattered  and  somewhat 
coarse  fibres  having  a  circular  course  on  the  inner  aspect  of  the  canal  of 
Schlemm,  whilst  on  its  outer  aspect  there  is  practically  no  elastic  tissue. 

The  pectinate  ligaments  are  thin,  scattered,  and  do  not  fill  the  angle. 
The  most  anterior  fibres  go  to  the  base  of  the  iris,  and  after  entering  it  run 
forwards  for  a  short  distance  beneath  its  anterior  endothelium ;  the  others 
go  to  the  ground  plate  of  the  ciliary  processes,  which  contains  few  elastic 
fibres  but  many  pigment  cells.  From  the  ground  plate  a  few  elastic  fibres 
pass  inwards  into  the  ciliiiry  processes,  and  others  pass  backwards  towards 
the  choroid. 

The  ciliary  muscle  is  unaccompanied  by  elastic  fibres,  but  is  inserted,  as 
usual,  into  an  elastic  bundle  that  divides  posteriorly — to  be  inserted,  on  the 
one  hand,  into  the  perichondrium  of  the  sclerotic  cup,  and  on  the  other  into 
the  choroid,  in  which  the  greater  number  of  fibres  end  somewhat  posteriorly 
to  the  ora  serrata  (fig.  8). 

The  conjunctiva  contains  many  elastic  fibres  circularly  arranged  that 
come  into  relation  with  a  few  fibres  on  the  outer  aspect  of  the  sclerotic ; 
these  also  are  circular  down  to  the  level  of  the  edge  of  the  cartilage  cup, 
beyond  which  their  place  is  taken  by  arcuate  fibres  that  extend  backwards 
to  the  level  of  the  ora. 

Song  Thrush — Turdu^'i  musiciis. 

Descemet's  membrane  does  not  stain,  but  elastic  fibres  spring  at  its 
posterior  margin  to  form  a  network,  the  fibres  of  which  are  mostly  circular 
in  arrangc^mcnt  and  are  intermingled  with  arcuate  white  fibres  with  elastic 
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threads  adhering  to  them.  This  network  is  confined  to  the  part  of  the 
sclerotic  that  lies  internal  to  the  canal  of  Schlemm,  the  part  outside  it 
being  quite  devoid  of  elastic  tissue. 

The  fibres  of  the  pectinate  ligaments  are  wholly  elastic,  spring  from  the 
sclerotic  network,  sweep  across  the  angle  and  pass  through  the  ground  plate 
into  the  ciliary  processes,  where  they  end  just  under  the  uvea.  Within  the 
ground  plate  is  an  elastic  network,  the  fibres  of  which  pass  backwards 
towards  the  choroid,  but  become  obscured  by  the  numerous  pigment  cells 
present  among  them ;  some  of  the  fibres  appear  to  extend  to  the  insertion 
bundle  of  the  ciliary  muscle.  This  muscle  takes  origin  from  the  fibrous 
tissue  of  the  sclerotic,  where  few  or  no  elastic  fibres  exist,  and  passes 
backwards  to  be  inserted  into  the  usual  elastic  bimdle  that  bifurcates  into 
two  approximately  equal  portions,  the  one  ending  in  the  perichondrium  of 
the  cartilage  cup,  the  other  passing  in  the  choroid  on  both  sides  of  the 
vessels  to  end  at  the  level  of  the  ora  serrata. 

The  conjunctiva  contains  many  elastic  fibres. 

The  Blackbird — Turdus  vierula. 

Descemet's  membrane  is  but  faintly  stained,  but  appears  to  possess  an 
elastic  facing  which  passes  backwards  to  form  a  dense  longitudinally 
stranded  network  from  which  the  pectinate  ligaments  spring,  and  which 
extends  in  the  sclerotic  to  the  level  of  the  posterior  margin  of  Schlemm's 
canal  after  splitting  to  enclose  it. 

The  pectinate  ligaments  are  elastic,  and  continuous  with  the  sclerotic 
network;  they  pass  across  the  angle  to  end  in  the  ciliary  processes  just 
external  to  the  uvea. 

The  ciliary  muscle  arises  from  white  fibres  and  is  unaccompanied  by 
elastic  threads;  it  is  inserted  posteriorly  into  a  bundle  of  arcuate  elastic 
fibres  that  divides  into  two  very  unequal  strands,  the  smaller  of  which 
terminates  in  the  perichondrium  of  the  cartilage  cup,  the  larger  entering 
the  choroid  and  passing  on  both  sides  of  the  vessels  to  end  near  the  ora. 

The  conjunctiva  contains  many  elastic  fibres,  as  does  also  the  loose  tissue 
surrounding  the  sclerotic. 
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EXPLANATION   OF  PLATES. 

The  sections  were  all  stained  with  Weigert's  elastic  stain  and  mounted  in  balsam. 

Figs.  1  to  5.  A ntero- posterior  sections  through  the  corneo-sclerotic  junction  of 
the  eye  of  various  birds,      x  33. 

Fig.  1.  Domestic  iovfl—OcUlus. 

Fig.  2.  Magpie — Pica  rudica. 

Fig.  3.  Mistle  thrush— j^Wrftw  madvorus. 

Fig.  4.  Goldfinch — FringUla  carduelis. 

Fig.  5.  Common  gull — Larus  caniis. 

Fig.  6.  Attachment  of  the  fibres  of  the  ciliary  muscle  to  those  of  the  elastic 
tendon.     Eye  of  fowl  x  290. 

Fig.  7.  Elastic  network  in  the  ground  plate  and  elastic  fibres  of  the  ciliary 
processes.     Eye  of  fowl  x  290. 

Fig.  8.  Tendon  of  insertion  of  the  ciliary  muscle,  showing  its  bifurcation  posteriorly 
into  two  strands :  the  one  passing  to  the  choroid,  and  the  other  becoming  attached 
to  the  perichondrium  of  the  sclerotic  cartilage  cup.     Eye  of  mistle  thrush  x  60. 
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PIGMENTATION  OF  THE  PIA  MATER,  WITH  SPECIAL  REFER- 
ENCE TO  THE  BRAIN  OF  MODERN  EGYPTIANS.  By  Wm 
St  C.  Symmers,  M.B.,  Aberdeen ;  Musgrave  Professor  of  Pathology, 
Queen's  Collegey  Belfast 

During  the  eight  years  which  I  spent  in  Egypt,  I  was  repeatedly  struck 
by  the  deep  black  pigmentation  of  parts  of  the  central  nervous  system  met 
with  in  the  routine  performance  of  post-mortem  examinations  at  the  Kasr-el 
Aini  Hospital,  Cairo.  This  condition  was  much  more  marked  in  Egypt 
than  anything  similar  that  I  had  observed  in  a  large  number  of  autopsies 
performed  by  me  in  Scotland  and  England. 

The  pigmentation  varied  in  intensity  from  a  smoky  grey  to  jet  black, 
and  was  most  apparent  on  the  lumbar  and  cervical  enlargements,  on  the 
bulb,  about  the  peduncles,  and  over  the  base  of  the  brain,  particularly 
on  the  optic  chiasma  and  the  orbital  convolutions.  The  bulb  was  generally 
more  deeply  pigmented  than  the  other  regions.  The  pigment  was  contained 
in  the  pia  mater. 

English  text-books  of  anatomy  are  silent  as  to  this  matter.  Quain's 
Anatomy'^  alone  mentions  it,  and  disposes  of  it  in  a  single  sentence: 
"On  the  cord  pigmented  cells  are  sometimes  scattered  among  the  elastic 
fibres."  In  Fagge  s  Medicine  ^  there  is  a  footnote  stating  that  the  "  normal 
pigmentation  of  the  pia  mater"  has  been  found  much  intensified  in 
Addison's  Disease.  I  have  recently,  through  the  courtesy  of  Dr  Elliot 
Smith,  seen  letters  from  Professor  Obersteiner  and  Professor  Gustaf 
Retzius  in  which  both  these  observers  refer  to  this  pigmentation — the 
former  expressly  stating  that  it  is  frequently  seen  in  Vienna,  and  both 
have  described  it  in  certain  of  their  publications.^  Moreover,  there  is  an 
elaborate  description  of  the  condition  by  Charpy  in  Poirier's  Traite 
(VAnatoinie  Humaine,  1894,  tome  iii.  p.  121.  The  pial  pigmentation  of 
the  sheep's  brain,  and  to  a  lesser  degree  that  of  the  Bovid^,  is  well  known 

*  Quain,  vol.  iii.  pi.  1,  p.  186. 

2  Fagge,  Principles  and  Practice  of  Medicine,  1886,  vol.  ii.  p.  509. 

^  Axel  Key  and  Retzius,  Studien  in  der  Anatomie  des  Nervensy stems  und  des 
Bindegeicebe4fy  1875.  Obersteiner,  AnlHtung  beim  Studium  des  Baues  der  Nervosen 
Centralorgane^  4  Aufl.  p.  649. 
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to  everyone.  A  somewhat  similar  state  of  affairs  exists  in  the  case  of 
various  monkeys,  a  fact  of  which  I  have  been  able  to  satisfy  myself; 
and  here  again  I  am  indebted  to  Dr  Elliot  Smith,  who  kindly  allowed  me 
to  examine  his  collection  of  simian  cerebra. 

My  early  Cairo  experience  led  me  to  believe  that  this  pigmentation  was 
more  frequent  and  more  intense  in  the  native  Egyptians  (a  light  brown 
race)  than  in  the  black  races,  such  as  the  negroes  of  the  Sudan,  the 
Berberines,  and  the  Abyssinians.  I  therefore  made  careful  notes  as  to  this 
pigment  in  two  hundred  successive  post-mortem  examinations,  with  special 
reference  to  race,  age,  sex,  cause  of  death,  presence  of  parasites  {e.g. 
Bilharzia  and  Anchylostomata),  and  weight  of  organs,  particularly  the 
liver,  Spleen,  and  Brain. 


The  subjects  examined  were : 

1  Algerian  Moor. 
1  Bulgarian. 
1  Bokhariot. 

1  Abyssinian. 

2  Hindus. 
5  Turks. 


5  Armenians. 

6  Berberines. 
10  Greeks. 

20  Sudanese. 
148  Egyptians. 


Among  these  the  pigment  wa«  as  follows : 


the  Algerian, 

marked. 

>> 

Bulgarian, 

slight. 

>i 

Bokhariot, 

marked. 

>t 

Abyssinian, 

marked. 

u 

Hindus  (2), 

marked. 

n 

Turks  (5), 

very  slight  in  3,  absent  in  2 

)> 

Armenians  (5), 

very  slight  in  4,  absent  in  1 

>> 

Berberines  (6), 

slight  in  all. 

>> 

Greeks  (10). 

marked  in  1. 

»> 

>> 

slight  in  7. 

j> 

» 

absent  in  2. 

>» 

Sudanese  (20), 

marked  in  5. 

>j 

>j 

slight  in  12. 

»> 

>» 

absent  in  3. 

t> 

Egyptians  (148) 

,  marked  in  77. 

>> 

'» 

slight  in  64. 

II 

}} 

absent  in  7. 
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Leaving  out  those  cases  in  which  only  one  or  two  persons  of  a  given 
race  were  examined,  it  appears  that  the  pigmentation  is  most  marked  in 
the  Egyptians.     Probably  this  is  a  racial  peculiarity. 

I  need  not  burden  this  paper  with  a  detailed  analysis  of  the  two 
hundred  post-mortem  examinations.  SuiflSce  it  to  say  that  a  careful  con- 
sideration of  the  tabulated  cases  has  convinced  mo  that  there  is  no  specific 
relation  between  the  pigmentation  on  the  one  hand,  and,  on  the  other,  the 
age,  sex,  cause  of  death,  etc.  of  the  persons  examined. 

I  conclude  that  the  pial  pigmentation  is  a  normal  occurrence,  and  that 
it  is  particularly  marked  in  the  case  of  Egyptians. 


A  CASE  OF  CONGENITAL  ATRESIA  OF  PULMONARY  ARTERY, 
WITH  TRANSPOSITION  OF  VISCERA;  A  SECOND  CASE 
OF  TRANSPOSITION.  By  John  M^Crae,  M.B.,  L.R.C.P.  Lond., 
Lecturer  in  Pathology,  M'Gill  University ,  Montreal. 

(From  the  Pathological  Laboratory,  Royal  Victoria  Hospital,  Montreal.) 

The  congenital  stenoses  and  atresia?  of  the  pulmonary  artery  together  form 
the  most  numerous  group  of  congenital  heart  lesions;  but  comparatively 
few  of  these  are  cases  of  absolute  atresia,  and  a  still  smaller  percentage  is 
claimed  by  the  cases  where  (as  below)  the  pulmonary  artery  is  represented 
by  a  fibrous  cord.  Of  82  cases  of  stenosis  and  atresia,  15  were  atresic  or 
showed  the  vessel  represented  by  a  solid  cord  (H.  Meyer  (1));  in  general, 
it  may  be  said  that  different  authorities  state  that  stenosis  is  three  to  eight 
times  as  frequent  as  atresia. 

In  any  case  of  atresia,  the  expectation  is  that  the  ductus  arteriosus 
will  be  found  open,  that  in  the  great  majority  of  cases  there  will  be  defect 
of  the  ventricular  septum,  and  that  in  nearly  as  many  there  will  be  defect 
of  the  auricular  septum.  StifeFs  (2)  figures  in  cases  of  atresia  are  as 
follows :  the  artery  is  reduced  to  a  string  in  13  per  cent. ;  the  ductus 
arteriosus  is  open  in  82  per  cent. ;  the  foramen  ovale  open  in  61  per  cent. ; 
and  there  is  defect  of  the  ventricular  septum  in  76  per  cent.,  the  latter  being 
commoner  in  atresia  than  in  stenosis. 

The  particular  combination  of  heart  lesions  under  which  the  present 
case  falls  is  that  characterised  by  intact  ventricular  septum,  patent 
auricular  septum,  and  open  ductus  arteriosus. 

Vierordt  (3)  quotes  12  cases  of  this,  nearly  all  dying  in  the  first  week  ; 
in  1869,  Peacock  quoted  8  cases,  which  are  probably  incorporated  in  the 
twelve  mentioned ;  Lordat  s  (4)  case  died  at  the  age  of  six  weeks,  while 
Hare's  lived  9  months.  Among  these  case«  there  is  one  that  anatomically 
closely  resembles  the  case  described  below,  namely,  that  of  Ollivier  (5). 

If  we  approach  the  case  from  another  standpoint — namely,  that  of  its 
connection  with  transposition  of  the  viscera — it  may  be  pointed  out  that 
transposition  of  the  vessels  of  the  heart  in  various  different  ways  is 
common,  and  by  itself  constitutes  a  group  of  congenital  cardiac  lesions ; 
the  transposition  of  the  great  vessels  is  often  accompanied  by  valvular  or 
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septal  defects  in  the  heart,  and  the  complete  transposition  of  not  only  the 
great  vessels  but  also  of  all  the  viscera,  together  with  a  marked  defect  in 
the  heart,  will  be  readily  seen  to  be  a  case  differing  only  in  degree. 

Two  cases  are  found  in  the  literature  available,  where  a  defect  of  the 
pulmonary  artery  was  combined  with  a  transposition  of  the  viscera ;  from 
the  comparative  frequency  with  which  cases  of  transposition  seen  in  life 
show  some  evidence  of  cardiac  anomaly,  it  may  be  doubted  if  the  com- 
bination is  very  rare,  though  actual  figures  are  not  available,  nor  is  it 
possible  in  many  cases  to  obtain  post-mortem  proof.  Hickman's  (6)  case 
showed  transposition  of  the  lungs,  liver,  stomach,  and  spleen ;  the  pulmonary 
artery  was  represented  by  a  fibrous  cord ;  the  foramen  ovale  was  patent, 
and  the  ventricles  communicated :  the  child  lived  6  weeks. 

Wardrop  Grifliths  (7)  case  was  4 J  months  old,  cyanosed  in  life,  had 
complete  transposition  of  abdominal  and  thoracic  organs  and  at  autopsy 
had  a  common  ventricle,  with  imperfect  division ;  the  pulmonary  artery 
was  a  fibrous  cord,  closely  adherent  to  the  aorta,  traceable  down  to  the 
ventricle;  the  lungs  were  supplied  by  the  ductus  arteriosus  to  two 
pulmonary  branches,  and  by  the  enlarged  bronchials;  the  suggestion  is 
ma^e  that  the  left  auricle  had  by  pressure  obliterated  the  pulmonary 
artery,  and  the  observer  points  out  that  if  the  obliteration  of  the  pulmonary 
artery  occur  after  the  completion  of  the  ventricular  system,  the  right 
ventricle  becomes  almost  abolished,  and  the  right  auriculo-ventricular 
aperture  diminishes  in  size.  The  present  case  showed  such  a  diminution  of 
the  ventricle  (see  figure),  but  the  orifice  appeared  to  be  of  the  usual 
dimensions. 

Of  the  12  cases  referred  to  above  as  having  an  intact  ventricular 
septum,  Hare's  (8)  case  (mentioned  previously)  was  remarkable  for  the 
small  size  of  the  communication  between  the  two  auricles ;  the  cavity  of 
the  right  ventricle  held  a  moderate-sized  pea,  the  orifice  of  the  pulmonary 
artery  was  closed,  but  the  trunk  connnunicated  with  the  ductus  arteriosus, 
and  divided  into  the  usual  branches.  Peacock's  {9)  case  had  free  auricular 
communication ;  the  pulmonary  artery  was  pervious  down  to  the  valves : 
the  child  lived  9  days. 

Before  passing  to  tlie  description  of  the  cases,  it  may  be  noted  that 
transposition  of  the  viscera  is  a  comparatively  frequently-noted  phe- 
nomenon: Arneill  (10),  in  1902,  stated  that  probably  more  than  300  cases 
are  on  record ;  and,  of  course,  many  are  observed  during  life  and  are  not 
recorded.  Thirty-three  men,  mostly  clinicians,  in  answer  to  Arneill's 
enquiries,  had  seen  37  cases,  of  which  31  were  observed  in  life. 
The  autopsy  records  of  the  Montreal  General  and  the  Royal  Victoria 
Hospitals,  aggregating  about  4000  cases,  have  shown  but  two :  in  addition 
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to  these  two,  found  at  autopsy,  1  saw  a  living  case  in  the  wards  of  the 
Toronto  General  Hospital  in  1898,  but  1  regret  that  I  have  no  notes 
referring  to  it ;  a  case  that  lately  attended  the  Royal  Victoria  Hospital  was 
reported  by  Fry  (11)  in  1903,  and  it  is  there  stated  that  the  patient  showed 
evidences  of  pulmonary  stenosis.  In  going  through  the  records  of  the 
Pathological  Society  of  London,  it  is  notable  that  Hickman  was  able  to 
report  at  two  successive  meetings  cases  of  transposition,  each  associated 
with  a  cardiac  anomaly. 

The  transposition  of  both  abdominal  and  thoracic  organs  is  the  rule, 
Gruber  finding  it  so  in  71  out  of  79  cases:  of  the  8  cases  where  the 
abdominal  organs  only  were  transposed,  all  were  incomplete  (of.  gall- 
bladder of  present  case  fails  to  be  transposed).  Steinhauser  states  that 
there  is  very  often  some  irregularity  of  the  organs  in  abdominal  trans- 
position. 

Case  Report. 

A  male  infant,  49  days  old,  came  to  autopsy  from  the  Foundling 
Hospital,  where  it  had  been  known  as  a  "  blue  baby."  It  had  been  bom  at 
the  Maternity  Hospital,  the  fifteenth  child  of  a  46-year-old  mother,  who  was 
mentally  dull,  and  showed  no  affection  for  the  child.  The  mother  had  an 
unimportant  family  history :  no  abnormality  is  known  to  exist  in  any  other 
of  her  children:  the  mother  has  a  hare-lip,  and  has  a  systolic  murmur 
audible  widely  over  the  chest.  Before  birth,  a  fcetal  systolic  murmur  was 
demonstrated  by  Dr  D.  J.  Evans  to  the  students;  and  after  birth  this 
systolic  murmur,  basal  in  position,  was  heard  throughout  the  child's  life. 
The  child  was  bom  at  term,  was  very  "  blue  "  in  colour,  and  always  became 
more  deeply  cyanased  after  feeding :  it  was  large  and  well  nourished. 

At  autopsy  the  body,  50  cm.  long,  was  livid,  well  nourished,  and  the 
lungs  showed  bilateral  broncho-pneumonia  (the  cause  of  death),  with  strepto- 
cocci in  smears.  Transposition  of  all  viscera  was  noted,  with  the  exception 
of  the  gall  bladder.  At  first  sight  the  heart  appeared  to  be  in  its  normal 
position,  and  its  apex  lay  on  the  left  side :  this  was  afterwards  found  to  be 
due  to  the  anomalous  formation,  and  the  heart  proved,  on  examination,  to 
be  completely  transposed,  as  were  the  vessels.  A  bilobed  lung  was  found 
on  the  right  side,  and  a  trilobed  organ  on  the  left ;  the  greater  part  of  the 
liver  appeared  on  the  left  side,  but  the  gall-bladder  lay  to  the  right  of  the 
umbilical  vein  and  of  the  suspensory  ligament  of  the  organ  :  the  bile  duct  lay 
to  the  left  of  the  hepatic  artery  and  tlie  portal  vein  in  its  usual  position 
behind,  but  inclining  from  right  to  left.  The  spleen  lay  on  the  right  side, 
as  did  the  stomach,  the  cciecum  and  appendix  upon  the  left ;  the  right 
renal  vein  received  the  spermatic  vein. 
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The  heart  appeared  at  a  superficial  glance  to  be  situated  as  usual,  but,  as 
stated,  it  was  inverted.  The  innominate  vein  coursed  from  right  to  left,  the 
innominate  artery  gave  off  the  left  carotid  and  subclavian,  while  on  the 
right  the  vessels  came  from  the  aorta  separately ;  the  aorta  ran  down  the 
right  side,  and  the  greater  azygos  vein  up  the  left  side  of  the  median  line. 
The  heart,  viewed  from  the  front,  showed  only  one  great  artery  about  1*5  cm. 
diameter,  and  but  one  chamber  was  visible  from  the  front ;  four-fifths  of  the 
ventricular  bulk  was  taken  up  by  one  ventricle  (the  normal  left,  here 
situated  on  the  right),  and  the  pulmonic  ventricle  lay  on  it  as  a  rounded 
boss,  firm  to  the  touch,  reaching  to  within  1  cm.  of  the  heart  apex,  which 
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was  formed  by  the  systemic  ventricle  alone.  The  systemic  ventricle  was 
large,  of  good  musculature,  and  in  every  way  enlarged:  the  pulmonic 
ventricle  appeared  to  bulge  into  the  other,  but  the  septum  was  perfectly 
intact.  The  tricuspid  valve  appeared  normal,  while  the  cavity  of  the 
pulmonic  ventricle  was  small,  about  8  mm.  diameter,  having  no  outlet  other 
than  the  tricuspid  orifice.     Its  muscle  was  6-7  mm.  thick. 

The  venae  cavse  came  in  on  the  present  left  auricle  (i.e,  the  auricle  of 
the  pulmonic  side  of  the  heart),  and  the  veins  from  the  lungs  on  the  right ; 
there  were  three  pulmonary  veins  on  the  left  and  two  on  the  right ;  the 
septum  between  the  two  auricles  was  represented  by  a  flange  of  tissue,  with 
a  rounded,  crescentic  edge,  abutting  from  the  posterior  surface  and  not 
serving  to  separate  the  two  cavities  in  any  degree,  the  patency  being 
practically  complete. 
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From  the  systemic  ventricle  comes  off  tlie  aorta,  from  which  the  coro- 
naries  spring  in  the  usual  manner;  the  left  coronary  runs  between  the 
ventricles,  and  dips  into  the  cleft  at  the  base  of  the  small  rudimentary 
chamber,  emerging  from  this  cleft  to  run  once  more  towards  the  tip  of  the 
systemic  ventricle.  The  aortic  valve  consists  of  three  cusps.  At  a  point 
2  cm.  from  the  origin  of  the  aorta  arises  the  ductus  arteriosus,  wliich  is 
1  cm.  long,  5  mm.  diameter,  and  divides  into  the  two  arteries  to  the  lungs. 
From  the  left  of  these  two  branches,  close  to  the  bifurcation,  runs  a  coi*d, 
rounded  and  narrowest  at  its  middle,  which  reaches  down  to  the  heart  ap- 
parently to  the  upper  surface  of  the  pulmonic  ventricle,  thus  taking  the 
position  of  the  (inverted)  pulmonary  artery.  It  is  1  mm.  in  diameter  at  its 
thickest,  and  no  lumen  exists,  nor  at  either  end  can  any  probe  or  bristle  be 
inserted  which  might  lead  to  the  proof  of  its  being  the  remains  of  the 
pulmonary  vessel.  There  is  no  reasonable  doubt,  from  its  appearance  and 
position,  that  it  is  the  completelj'  obliterated  pulmonary  artery. 

It  will  be  observed  that  while  the  heart  is  embryologically  a  four- 
chambered  one,  it  practically  consists,  for  working  purposes,  of  one  auricular 
and  one  ventricular  cavity.  The  great  development,  relatively,  of  the 
systemic  ventricle  on  the  right  has  displaced  the  smaller  pulmonic  ventricle 
towards  the  left,  so  that  the  greater  bulk  and  the  apex  come  to  lie  upon  the 
left  of  the  median  line.  It  is  probable  that  the  systolic  murmur  heard  over 
the  base  of  the  heart,  was  due  to  the  small  but  strong  pulmonic  ventricle 
driving  blood  through  the  tricuspid  orifice. 

The  specimen,  of  which  the  organs  remain  in  hUu,  is  in  the  Museum  of 
the  Medical  Faculty,  M^'Gill  University. 

AnatoTnical  DicujnoHiH. — Complete  atresia  of  pulmonary  artery,  with 
fibroas  cord ;  aplasia  oi  pulmonic  ventricle ;  deficient  septum  auriculare ; 
open  ductus  arteriosus,  supplying  the  lungs ;  hypertrophy  of  systemic 
ventricle ;  transposition  of  all  thoracic  and  abdominal  organs,  with  the 
exception  of  the  gall-bladder ;  acute  bilateral  broncho-pneumonia. 


Transposition  of  Viscera — Case  II. 

Anat  Diag, — Transposition  of  all  thoracic  and  abdominal  viscera : 

Acute  lobar  pneumonia. 

The  patient,  a  woman  of  about  40  years,  was  admitted,  in  April  1904, 
to  the  wards  of  the  Montreal  General  Hospital:  she  was  moribund,  and 
died  a  few  hours  later.  The  autopsy,  24  hours  after  death,  was  hurried, 
and  no  photograph  of  the  organs  could  be  obtained ;  nor  could  the  organs 
be  preserved,  as  the  consent  of  relatives  was  withheld.     Death  had  occurred 
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from  lobar  pneumonia:  the  viscera  were,  without  exception,  transposed, 
observations  being  taken  of  heart,  lungs,  great  vessels  and  branches,  vensd 
cava3,  vena  azygos  major,  liver,  gall-bladder,  pancreas,  spleen,  coccum, 
appendix,  sigmoid  flexure,  rectum,  relative  height  of  kidneys  and  ovarian 
veins. 

Note. — Since  writing  the  above,  the  author  was  fortunate  enough  to 
find  at  autopsy  a  third  case  of  transposition  of  viscera,  which  is  reported 
in  the  Montreal  Medical  Journal,  August  1905. 
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ON  THE  HOMOLOGY  AND  MORPHOLOGY  OF  THE  POPLITEUS 
MUSCLE:  A  CONTRIBUTION  TO  COMPARATIVE  MYO- 
LOGY. By  Gordon  Taylor,  M.A.,  M.B.,  B.S.,  B.Sc.  Lond.,  late  Patlio- 
logical  AssiHtant,  Cancer  Investigation  Department,  Middlesex 
Honpital;  and  Victor  Bonney,  M.S.,  M.D.,  B.Sc.  Lend.,  F.R.C.S., 
M.R;C.P.,  Lecturer  on  Practiad  Midwifery^  Middlesex  Hospital, 
Physician  to  Out-Patients,  Chelsea  Hospltid  for  Women,  Emdefii 
Research  Scholar,  Cancer  Investigation  Department,  Middlesex 
Hospital, 

(From  the  Anatomical  Department  of  the  Middlesex  Hospital,  London.) 

While  engaged  in  the  dissection  of  a  specimen  of  Felis  domestica,  our 
attention  was  attracted  by  the  fact  that  the  lowest  and  Tnost  external  Jibres 
of  the  popliteus  muscle  appeared  to  pass  uninterruptedly  into  the  tibialis 
portion  of  the  deep  flexor  of  the  pedal  digits ;  indeed,  almost  a  third  of 
the  muscle  joined  the  flexor  tibialis  (vide  fig.  5). 

On  closer  inspection,  a  minute  tendinous  intersection  was  found  to  be 
present  in  the  muscular  substance ;  but  certain  of  the  fibres  undoubtedly 
passed  into  the  more  distal  muscle  without  any  interruption  in  their 
continuity. 

The  obvious  suggestion  was  that  these  represented  the  condylo-radiaZis 
of  Windle,  which  occurs  frequently  in  the  anterior  extremity.  Indeed,  the 
attachment  of  the  two  muscles  had  a  fair  amount  of  similarity — namely,  a 
muscular  slip  arose  from  the  external  condyle  of  the  femur  (the  representa- 
tive of  the  internal  humeral  condyle)  and  passed  to  join  the  flexor  tibialis 
digitorum  pedis — the  representative  of  the  flexor  radialis  of  the  forearm. 

We  decided  to  investigate  this  point  by  means  of  dissections  of  various 
types,  but  we  found  that  the  matter  was  more  involved  than  at  first  sight 
appeared,  and  that  a  proper  determination  of  the  homology  of  this  muscle 
necessitated  a  comprehensive  morphological  survey  of  the  flexor  group  of 
muscles  of  the  posterior  tibial  region,  and,  beyond  this,  a  consideration  of 
the  homologies  existing  between  them  and  the  corresponding  group  in  the 
fore  limb. 

Li  this  endeavour,  dissections  have  been  made  of  the  hind  limb  of  the 
following  members  of  the  various  mammalian  orders,  with  the  exception  of 
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the  Cetacea  and  Sirenia,  in  which  a  hind  limb  is  either  rudimentary  or 
absent  altogether. 

Two  specimens  of  lizard  have  also  been  investigated. 

Repiilia. 

Lacertilia. 

Varanus  flavescens. 
Varanus  exanthematicus. 

Maminafia, 

Monotremata. 

Echidna  hystrix  (Spiny  Ant-eater). 
Marsupialia. 

Trichosurus  fuliginosus  (Sooty  Phalanger). 

Trichosurus  vulpecula  (Vulpine  Phalanger). 

Macropus  melanops  (Black-faced  Kangaroo). 

Hypsiprymnus  rufescens  (Rufus  Rat  Kangaroo). 
Edentata. 

Bradypus  tridactylus  (Three-toed  Sloth). 

Dasypus  villosus  (Hairy  Armadillo — two  specimens). 

Ungulata. 

Cervidm,    Cervus  axis  (Axis  ]3eer). 
Booidx.     Ovis  aries  (Common  Sheep). 

Ovis  burrhel  (Burrhel  Wild  Sheep). 

Gazella  Arabica  (Arabian  Gazelle). 
Subungulata.     Hyrax  Capensis  (Gape  Hyrax). 

Rodentia. 

Myonnprpha.     Mus  musculus  (Mouse). 

Hystricomorpha,       Atherura     Africana    (African    Brush -tailed 

Porcupine). 
Cavia  cobaya  (Guinea-pig). 
Lcu/omarpha.     Lepus  cuniculus  (Rabbit). 
Carnivora. 

Felidce,     Felis  domestica  (Domestic  Cat — several  specimens). 
Viverrida,     Suricata  tetradactyla  (Suricate). 

Herpestes  griseus  (Grey  Ichneumon). 
Canulse.     Canis  familiaris  (Dog). 

Canis  vulpes  (Fox). 
UrsvliB.     Ursus  Malayanus  (Malay  Bear). 
Mnstelufse.     Lutra  vulgaris  (Otter). 

Insectivora. 

Erinaceus  Europseus  (Hedgehog). 

Cheiroptera. 

Cyncmycteris  coUaris  (Collared  Fruit-bat). 

Primates. 

Lemuroiflea.     Lemur  catta  (Ring-tailed  Lemur). 
Anthropoidea.     Platyrrhini  — Cel)us  fatuellus  (Brown  Capuchin). 

Catarrhini  —  Macacus  rhesus  (Rhesus  Monkey). 
Papio  porcarius  (Chacma  Baboon). 
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The  following  is  a  detailed  account  of  the  popliteus  and  upper  attach- 
ments of  the  flexorea  tibialis  et  fibularis,  as  found  in  the  dissections  of  the 
foregoing  animals. 

The  lower  attachments  of  the  latter  two  muacles  were  only  investigated 
in  so  far  as  was  necessary  to  identify  them. 


i^uperflclal     porUon 

uiETcciit). 


jOHrflciill  pnnimtuT 
ndllUra(cat). 

dlgltoniDi. 

digltorum  (catT^ 


Results  of  Dissections. 

Vaiiniiti'  exHnthemiitn-iin,  VnntnuM  jlai-PMi-evK  {rifle  figs.  1  and  2).^ 
In  both  of  these  forms  the  popliteus  arises  (1)  fnnii  the  hend  of  the  libula. 
(2)  from  the  meniscus  femoro-tibularis ;  the  latter  attachment  is  only  a 
slight  one. 

The  meniscus  fernoro-fibularis  is  e<mnected  with  the  external  femoral 
condyle  by  the  ligaiiientum  feinoi-o-fibuJare. 

The   muscle   consigta   of   fibres   which   iiiav    be   somewhat    artificially 
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separated  into  2  layers.     There  ia  not,  however,  in  our  specimens  the  distinct 
separation  between  these  2  layers  which  Fiirst  figures  in  Varanua  Gouldii. 

The  nen-e  passes  superficial  to  the   ninxcle.     No   fibres  of   the   popliteus 


Tilila-flbDliLrli. 


Flu.  3.— Ecliidnshystrii. 

pass  into  the  flexor  inuricle  of  the  digits.     Both  Hexor  tibialis  and  flexor 
tibularis  ai-osc  from  the  head  ot  the  fibula. 

Eehidmi  Hystrlx. — The  popliteus  is  attached  above  to  the  mesial  aspect 
(»f  the  processus  capituli  tibularis,  and  below  to  the  upper  half  of  the  tibia. 
There  ia  a  deeper  stratum  of  transverse  fibres,  wliich  Fiirst  calls  the  "  pars 
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interoflsea  "  as  opposed  to  the  "  pars  propria."  This  is  certainly  a  separate 
interosseus  muscle,  the  "  tibio-fibularis."  It  constitutes  the  third  or  deepest 
muscular  stratum  of  the  leg. 

The  tibialis  portion  of  the  deep  flexor  of  the  digits  arises  from  the 
tibia  below  the  popliteus  insertion,  but  no  fibres  of  the  latter  muscle  pass 
into  the  flexor  tibialis. 

The  flexor  fibularis  luis  the  usual  origin  from  the  upper  part  of  the 
fibula  (vide  fig.  3). 

TrichosuruH  fullginomiH. — From  the  upper  extremity  of  the  fibula 
there  arises  a  stratum,  which  consists  of  the  following  muscles — in  order 
from  above  downwards,  and  from  within  outwards:  (1)  Popliteus;  (2)  a 
fasciculus,  intimately  associated  with  the  popliteus  at  its  origin,  but  passing 
below  directly  into  the  flexor  tibialis ;  (3)  flexor  tibialis ;  (4)  tibialis 
posticus ;  (5)  flexor  fibularis. 

(2)  and  (3)  are  separated  by  the  nerve-twigs  proceeding  to  supply  the 
popliteus. 

The  flexor  tibialis  ends  in  a  sesamoid  in  the  sole  of  the  foot. 

The  flexor  fibularis  supplies  all  the  digits,  and  also  gives  oflT  from  its 
superficial  aspect  in  the  middle  of  the  leg  the  superficial  flexor  of  the  toes 
{vide  fig.  4). 

Triclwfiums  vulj^ecuUi. — The  arrangement  of  muscles  of  the  hind  limb 
is  the  same  as  in  T.  f uliginosus ;  but  the  flexor  fibularis  does  not  give  origin 
to  the  superficial  flexor,  as  in  the  other  species. 

Macropus  mehivojya. — Popliteus  arises  (1)  from  the  external  femoral 
condyle  by  means  of  a  strong  tendon ;  (2)  from  a  sesamoid  developed  in 
the  aforesaid  tendon ;  (3)  from  the  head  of  the  fibula,  slightly.  The 
insertion  is  into  the  upper  fifth  of  the  tibia. 

From  the  superficial  aspect  of  the  muscle  near  its.  inferior  border  a 
muscular  slip  takes  origin,  of  which  the  fleshy  belly,  measuring  about  IJ 
inches  in  length,  passes  into  a  long  filiform  tendon  which  is  attached  to  the 
tarsus.  The  direction  of  the  muscular  fibres  in  this  slip  corresponds  with 
that  of  the  popliteal  fibres. 

The  flexor  fibularis  is  a  powerful  muscle  arising  from  fibula  and  tibia, 
and  supplies  all  the  4  digits. 

The  long  tendinous  slip,  with  the  fleshy  belly  at  its  proximal  end,  would 
appear  to  be  a  flexor  tibialis,  because  of  its  superficial  position,  for  a  tibialis 
posticus  would  not  be  superficial  to  the  popliteus.  Its  insertion  into  the 
tarsus  is  not  an  insurmountable  objection,  for  the  flexor  tibialis  may  end  in 
the  tarsus  in  certain  rodents,  and  it  ends  in  a  sesamoid  in  the  phalangers. 

If  the  slip  referred  to  be  the  flexor  tibialis,  then  no  tibialis  posticus  is 
present. 
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Hypxipryitinux  ru.fe.wen».—'V\\&  popliteus  iirises  from  external  femoral 
condyle.     There  is  the  usual  iiiaertion. 

The  flexor  flbularis  is  a  powerful  muscle,  and,  as  in  Macropn.-i,  arises  from 
tibia  and  tlbula. 


CoiidjtcUiblklia. 

dJglU  It.  and  i. 


Fio.  4.  —  Trichosnnis  fuliginoaus. 

The  tibialis  is  a  similar  minute  fleshy  slip,  with  a  Aliform  tendon,  but 
does  not  arise  from  the  superficial  aspect  of  the  popliteus,  but,  running 
along  the  lower  border  of  the  latter  muscle,  it  can  be  traced  up  to  the 
flbular  head.     It  ends  as  in  Macropus,  on  the  tarsus. 
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Bra/lypuft  tinda^tyluA. — The  popliteus  arises  from  the  external  femoral 
condyle,  and  is  inserted  into  the  upper  two- thirds  of  the  tibia.  No  fibres 
pass  into  the  flexor  tibialis,  but  a  muscular  bundle  of  considerable  dimensions 
ariwis  from  the  external  supracondylar  ridge  of  the  femur,  proximal  to  the 
origin  of  the  external  head  of  the  gastrocnemius.  This  passes  down  the 
limb,  deep  to  the  last  mentioned  muscle,  and  joins  the  flexor  fibularis  on  its 
superficial  and  inner  aspect. 

DanypuH  mlhmuM. — The  popliteus  arises  from  the  external  condyle  of 
the  femur;  it  is  inserted  into  the  upper  half  of  the  tibia.  The  flexor 
fibularis  is  a  very  powerful  muscle.  The  flexor  tibialis  is  smaller  than  the 
fibularis,  and  arises  (1)  from  the  tibia;  and  (2)  some  of  the  lowermast  and 
outermost  fibres  of  the  popliteus  pass  into  the  muscle. 

(JcrvuH  ((.ris. — The  popliteus  arises  from  the  external  condyle  of  the 
femur,  and  is  inserted  into  the  upper  third  of  the  tibia.  Some  of  the 
lower  and  outermost  fibres  gain  an  attachment  to  a  tendino-aponeurotic 
band  on  the  external  and  deep  aspect  of  the  uppermost  part  of  the  flexor 
tibialis. 

From  this  tendinous  band,  some  of  the  fibres  of  the  flexor  tibialis  also 


arise. 


This  arrangement  obtains  in  our  other  ungulata,  viz. — Gazella  Arabica, 
Ovis  aries,  and  Ovis  burrheli. 

Hyrux  Caprnnis. — The  popliteus  arises  from  the  external  femoral 
condyle,  and  has  the  usual  insertion.  No  fibres  pass  into  the  flexor  tibialis, 
which  is  distinctly  smaller  than  the  flexor  fibularis.  There  is  no  tibialis 
posticus. 

Mufi  mvAicnliLH. — No  popliteal  fibres  pass  into  the  flexor  tibialis. 

Aihevuva  Africana. — The  popliteus  arises  from  the  external  femoral 
condyle,  and  is  inserted  into  the  upper  third  of  the  tibia.  A  small 
fascicxilus  passes  into  the  flexor  tibialis.  Flexor  fibularis  is  a  large  muscle 
arising  from  both  tibia  and  fibula.  Flexor  tibialis  is  comparatively  small. 
A  tibialis  posticus  is  present. 

Curia  vohaya  and  Lepm^  vnn  inline  show  no  trace  of  popliteal  fibres 
passing  into  flexor  tibialis. 

Fells  di»neiit'iva. — The  popliteus  arises  from  external  femoral  condyle. 
The  tibialis  luis  three  heads  of  origin :  (1)  a  tibial  head  ;  (2)  a  fibular  head ; 
(3)  a  popliteal  head. 

The  size  of  this  latter  head  appears  to  vary.  In  the  first  specimen 
that  we  dissected,  a  very  large  proportion  of  the  muscle  passed  with  the 
popliteus  to  the  external  femoral  condyle ;  but  in  sul)se(juent  dissections 
of  other  specimens  the  size  of  this  head  wjis  much  smaller,  or  did  not 
exist  at  till. 
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The  fibularis  and  tibialis  posticus  each  arises  by  two  heads,  from  the 
fibula  and  tibia  respectively  (fig.  5). 

Siiricata  tetrad(M:tyla.—T]ie  popliteua  arisen  from  the  external  femoral 


Flbulu  hMid  of  Hfior  Ubiilli. 
Tibial  bald  of  Aetor  flbiiUrla. 


Pm.  6,~Fe]is domestica. 


condyle,  and  is  inserted  into  the  upper  two-tliirds  of  the  tibia.  Its  outermost 
and  lowest  fibres  are  directly  continuous  with  those  of  the  flexor  tibialis. 

The  flexor  fibularis  is  the  largest  muscle  of  the  flexor  .stratum. 

Herpestes  f/riseus  and  Canis  famUiari»  show  no  trace  of  popliteal  fibres 
passing  into  the  flexor  tibialis. 
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Canis  vulpes. — A  similar  condition  obtains  liere, 

Utsus  Malayanun. — Tlie  poptiteus  arises  from  the  external  femoral 
condyle.  The  muscle  is  inserted  (1)  into  the  upper  half  of  the  posterior 
surface  of  the  tibia.  (2)  Some  of  the  outer  and  deeper  tibies  are  inserted  into 
the  tibial  half  of  a  tendinous  band,  running  from  fibula  to  tibia,  along  the 


ills  poicrc 


upper  border  of  the  tibialis ;  the  flexor  tibialis  arises  from  tibia,  head  of 
fibula,  and  the  ti bio- fibular  tendinous  band  referred  to. 

Lutni  vulgaris. — The  popliteua  arises  from  the  external  femoral 
condyle,  and  inserted  into  the  upper  half  of  tlie  tibia. 

The  tibialis  arises  as  in  Uraus,  but  in  addition  some  fibres  are  attached 
to  some  tendinous  bundles  on  the  lower  border  of  the  popliteus. 
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The  tenuissimus  emerged  from  the  postero-inferior  border  of  the 
flexor  cruris  lateralis,  and  extended  right  down  to  the  os  calcis,  remaining 
fleshy  to  within  a  third  of  an  inch  of  its  insertion. 

Erinaceus  Enrojxaus. — No  fibres  of  popliteus  passed  into  flexor  tibialis. 

Cynonyctet*i8  colktris. — A  popliteus  was  not  present.  Fiirst  also  failed 
to  find  it  in  a  Pteropus  and  a  Vespertilio. 

Lemur  catta. — The  popliteus  comes  from  the  external  femoral  condyle, 
though  at  first  sight  it  appears  to  arise  from  the  fibular  sesamoid  ;  but  the 
tendon  can  be  distinctly  traced  onwards  underneath  the  external  lateral 
ligament,  to  the  external  condyle.     The  tendon  appears  to  be  degenerate. 

The  sesamoid  is  closely  bound  to  the  head  of  the  fibula. 

Beneath  the  popliteus  is  a  rotator  fibulae,  which  stretches  across  the 
uppermost  part  of  the  interosseous  space.  This  muscle  is  evidently  a 
persistent  portion  of  the  primitive  interosseous  muscle,  known  as  the  tibio- 
fibularis.     No  popliteal  fibres  pass  into  the  flexor  tibialis  (vid^  fig.  6). 

Fapio  porcarivs. — The  popliteus  arises  from  the  external  femoral 
condyle;  a  few  of  its  lowermost  fibres  are  continuous  wnth  the  flexor 
tibialis,  a  minute  tendinous  intersection  intervening. 

Macacus  rhesus  and  Cehu-s  fatuelhts  show  a  similar  arrangement,  but 
no  tendinous  intersection  appears  to  be  present  (vide  fig.  7). 

The  results  of  our  dissections  may  be  briefly  expressed  as  follows : — There 
is  intimately  associated  with  the  popliteus  a  distinct  band  of  muscular  fibres 
whose  upper  attachment  varies  pa^n  passu  with  that  of  the  popliteus,  and 
which  passes  below  into  the  flexor  tibialis. 

Such  a  muscular  slip  is  present  in  the  following  animals : — 

Maraupialia.  Trichosurus  fuliginosus. 

Trichosurus  viilpecula. 

Macropus  m  elan  ops. 

Hypsipryninus  rufesceiis. 
EdeiUaia,  Dasypus  villosus  (2  specimens). 

Rodentia,  Atherura  Africana. 

Camivora.  Fells  domestica  (some  specimens). 

Suricata  tetradactvla. 
Primates.  Cebus  fatuellus. 

Macacus  rhesus. 

Papio  porcarius. 

m 

It  is  doubtfully  present  in  the  following :  — 

All  the  Ungulata,  except  hyrax. 
Gai-nivora.  Ursus  Malayanus. 

Lutra  vulgaris. 
Felis  domestica  (some  specimens). 
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It  is  entirely  absent  in  the  following : — 

Lacertilia.  Varanus  flavescens. 

Varanus  exanthematicus. 
Monotreniata.         £chidna  hystrix. 
Edentata.  Brady  pus  tridactylus. 

Ungulata.  Hyrax  Capensis. 

Rodentia.  Mus  musculus. 

Lepus  cuniculus. 

Cavia  cobaya. 
Carnivora.  Canis  familiaris. 

Canis  vulpes. 

Herpestes  griseus. 
Insectivora.  Erinaceus  £uropaeus. 

Chiroptera.  Cynonycetoris  collariR. 

Primates.  Lemur  catta. 

The  Primitive  Proximal  Attachment  of  the  Muscles  of  the 

Posterior  Tibial  Region. 

In  the  hbid  liiiib  of  the  lizard  it  will  be  remembered  that  vol  ovly  did 
tite  papliteus  arine  from  the  Jibnla,  but  that  the  flexor  tibialis  arose  from 
thefihidci  as  well,  there  being,  paradoxical  as  it  may  appear,  no  origin  of 
the  F.  "  tibialis  *'  from  the  tibia  {vide  figs.  1  and  2). 

A  dissection  of  the  same  region  in  the  fore  limb  revealed  the  same 
interesting  condition,  viz. — That  the  flexor  "radkdis"  arose  entirely  fr<ym 
the  ulna,  there  being  no  radial  origin  to  this  muscle.  In  the  fore  limb 
the  superficial  flexor  (sublimis)  arose  as  usual  from  the  internal  condyle, 
so  that  we  have  the  very  suggestive  fact  that  both  superficial  and  deep 
flexirrs  arose  fnnn  the  post-a,rial  side  of  the  limb. 

We  believe  this  to  be  the  primitive  arrangement  in  both  the  forearm 
and  leg  regions,  and  we  suggest  that  it  is  correlated  with  a  caudal-ward 
movement  at  the  elbow-joint  and  knee-joint  necessary  for  the  method 
of  progression  by  sprawling  or  swimming,  which  obtains  in  the  lower 
vertebrata. 

Homology  of  the  Popliteus. 

It  is  usually  stated  tliat  the  popliteus  is  the  homologue  of  the  pronator 
radii  teres.  Keith,  however,  in  his  Myology  of  the  Catarrhini  puts 
forward  the  suggestion  that  it  represents  the  deep  part  only  of  this 
muscle,  and  that  the  superficial  portion  may  be  represented  in  man  by  an 
occasional  slip  from  the  external  head  of  the  gastrocnemius. 

Hepburn  has  found  a  similar  slip  in  the  chimpanzee. 
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With  Keith  8  suggestion  we  entirely  concur.  In  dissecting  the  fore-limb 
of  our  two  specimens  of  Varanus,  we  found  that  the  pronatar  radii  teres 
ivas  composed  of  two  distinct  parUi : — 

(1)  A  superficial  portion  arising  from  the  internal  condyle. 

(2)  A  deep  portion  arising  from  the  upper  part  of  the  shaft  of  the 
ulna,  close  to  its  head. 

The  median  nerve  passed  between  these  two  portions,  whilst  the  anterior 
interosseous  nerve  passed  downwards  behind  a  deep  portion,  embedded  in  the 
substance  of  a  well-developed  interosseous  radio-ulnaris  muscle  {nide  fig.  1).^ 

In  the  hind  limb  of  Varanus,  the  popliteus  arose  as  before  stated  from 
the  head  of  the  fibula,  and  was  inserted  into  the  tibia  in  its  upper  half. 
Beneath  it  was  the  interosseous  layer  of  muscle,  known  as  the  tibio- 
fibularis,  and  it  was  covered  by  the  superficial  mass  of  flexor  muscles 
with  which  it,  as  well  as  the  flexores  tibialis  et  fibularis,  were  intimately 
connected  {vide  fig.  2). 

It  will  be  seen  then  that  the  popliteus  of  Varanus  exactly  corre^onds, 
both  in  origin,  insertion,  and  relations,  with  the  deep  portion  of  the 
provMor  radii  teres.  The  superficial  of  the  latter  muscle  is  probably 
represented  in  the  hind  limb  of  Varanus  by  some  of  the  fibres  of 
connection  which  exist  plentifully  between  the  superficial  and  deep  layers 
of  muscle,  and  which,  arising  in  common  with  a  gastrocnemius  mass, 
attain  an  extensive  aponeurotic  insertion  into  the  inner  border  of  the  tibia. 

From  a  consideration  of  all  the  foregoing  facts  it  is  obvious  that  the 
popliteus  belongs  to  the  same  stratum  as  the  F.  tibialis  et  fibularis,  and  that 
it  is  a  differentiated  part  of  the  muscle-sheet,  which  also  gives  rise  to  the 
F.  tibialis  and  F.  fibularis. 

Moreover,  we  have  seen  in  the  lizard  how  this  muscle-sheet  is  primi- 
tively post-axial  at  its  proximal  attachment. 

In  the  fore  limb  also  the  corresponding  muscle  group — that  is,  the  deep 
portion  of  the  pronator  radii  teres,  and  the  F.  radialis  et  ulnaris — are  like- 
wise post-axial  in  origin. 

The  Phylogenetic  Variations  in  the  Upper  Attachment  of 

V 

THE  Popliteus. 

In  a  primitive  limb,  as  in  Varanus,  the  tibia  and  fibula  move  freely  upon 
one  another ;  indeed,  the  need  of  some  means  of  attaining  the  rotatory 
movements  of  the  limb  necessary  for  propulsion  or  progression  is  probably 

^  Since  writing  the  above,  we  have  examined  the  dissections  of  the  antibrachium  of 
Ornithorhyncus  anatinus  and  Echidna  aculeata  in  the  Museum  of  the  Royal  College  of 
Surgeons,  and  were  much  interested  to  find  that  an  uhiar  head  to  the  pronator  radii 
teres  exists  in  both  of  them. 
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the  factor  which  has  determined  the  existence  of  two  bones  in  the  middle 
segment  of  either  limb.  Wlien  the  necessity  for  such  a  TnoveTnent  is  no 
longer  required,  the  bones  tend  to  heconne  fused.  Coincidently  with  the  loss 
of  movement  between  the  tibia  and  fibula,  changes  in  the  muscle  will 
inevitably  follow.  Rotatory  movement  between  the  two  bones  of  the  leg 
is  absent  in  the  majority  of  the  mammalia,  and  is  confined  (if  one  except 
the  case  of  the  Lemur)  to  the  Movotrenies  avd  less  specialised  Tnembcrs 
of  the  MarsupidiUi. 

It  is  an  interesting  and  suggestive  fact  that  the  rotatory  mechanism  seen 
in  the  lizards  should  be  retained  in  these  early  and  primitive  mammalian 
orders. 

In  Echidna  hystrix,  and  in  both  our  specimens  of  IVichosurus,  there 
was  free  movement  between  the  bones  of  the  leg ;  and  in  Echidna  of  the 
fibula  on  the  femur,  and  in  all  the  popliteus,  had  only  a  fibular  (post-axial) 
attachment  in  the  same  manner  as  obtained  in  Varanus.  The  musculature 
of  these  mammals  in  the  region  under  discussion  only  differed  from  that  of 
the  reptile  in  that  the  F.  tibialis  did  not  have  a  purely  fibular  origin  (cj). 
figs.  1,  3,  and  4). 

The  proximal  attachment  of  these  muscles  in  the  leg  of  the  more  gener- 
alised Marsupials  is  therefore  very  fairly  comparable  with  those  of  the 
homologous  muscles  in  the  antibrachium,  as  they  exist  in  man. 

In  the  highly  specialised  Marsupials,  e.g.  Kangaroo,  and  in  all  the 
remaining  orders  (except  the  sub-order  of  the  Lemuroidea  or  Lemurs),  the 
pseudo-rotatory  movement  between  the  leg  bones  has  become  lost,  and 
coincidently  the  popliteus  having  ceased  to  perform  its  original  function  as 
a  fibular  rotator,  has  become  modified  to  act  as  a  flexor  of  the  leg,  and  has 
in  consequence  acquired  a  new  attachment  to  the  external  condyle  of  the 
femur  by  ascent. 

In  the  Kangaroo,  the  F.  fibularis  is  the  only  functional  deep  flexor  of 
the  digits  present,  and  the  F.  tibialis  appears  to  be  reduced  to  the  small 
muscle  arising  from  the  superficial  aspect  of  the  popliteus,  which  has  already 
been  described. 

In  the  ungulates,  the  popliteus  has  distally  a  very  characteristic  mode  of 
attachment — viz.,  to  the  upper  edge  of  a  fibrous  arch,  passing  between  the 
fibula  and  tibia. 

This  arch  corresponds  in  position  with  the  line  of  attachment  of  the 
human  soleus,  and  we  suggest  that,  in  the  case  of  Man,  the  soleus  has 
extended  along  this  arch  from  its  primitive  fibular  origin  until  it  has 
reached  the  tibia,  thus  cutting  off  the  popliteus  from  the  flexor  tibialis,  and 
at  the  same  time  pushing  the  latter  muscle  down  on  to  the  tibia,  so  that  it 
no  longer  has  a  fibular  head. 
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The  Popliteal  Fabella. 

A  fabella  was  developed  in  the  tendon  of  the  popliteus  in  most  of  the 
animals  dissected  by  us,  with  the  exception  of  the  ungulates,  and  those 
animals  in  which  it  arose  from  the  head  of  the  fibula. 

The  fabella  would  therefore  appear  to  be  connected  in  some  way  with 
the  ascent  of  the  upper  attachment  of  the  muscle.  It  is  developed  from  the 
iibro-cartilaginous  ligamentum  femoro-fibulare  of  Fiirst,  which  in  the  lizard 
passes  from  the  head  of  the  fibula  to  the  external  condyle,  and  which  the 
muscle  in  other  forms  utilises  to  attain  its  femoral  attachment. 

It  scarcely  appears  likely  to  have  been  formed  as  a  separated  traction 
epiphysis  of  the  head  of  the  fibula,  after  the  manner  of  fabella  formation 
described  by  Parsons  in  the  tendons  of  certain  other  muscles. 

The  Popliteus  of  the  Lemur.    {Vide  fig.  6.) 

The  exceptional  condition  found  in  this  animal  requires  special  refer- 
ence. The  popliteus  arises  from  the  external  condyle  through  a  broad,  flat 
tendon,  which  joins  the  muscle  by  the  medium  of  a  well-marked  sesamoid, 
and  which  is  very  closely  adherent  to  the  head  of  the  fibula. 

Underneath  the  muscle  is,  as  we  have  seen,  a  broad  band  of  muscle 
fibres  known  as  the  rotator  fibulae.  This  muscle  is  not  a  pai-t  of  the  deep 
flexor  sheet  of  which  the  popliteus  represents  a  differentiated  portion,  but  is 
to  be  regarded,  as  we  have  already  stated,  as  a  persistent  upper  part  of  the 
interossemis  tihio-Jibularis  of  lower  Trunnvuih.  To  regard  the  popliteus  as 
consisting  of  two  strata  independent  of  the  tibio-fibularis,  is  to  imply 
the  existence  of  four  primitive  muscle  strata  in  the  leg,  because  we  have 
already  stated  that  we  regard  a  portion  of  the  gastrocnemius  mass  as 
equivalent  in  the  lower  limb  to  the  superficial  portion  of  the  pronator 
radii  teres  in  the  upper  limb. 

It  is  very  interesting  to  observe  that  in  this  animal,  which  alone  of  all 
the  higher  mammals  manifests  fibular  rotation,  the  popliteus  appears  to  be 
preparing  through  the  sesamoid  to  redescend  on  to  the  fibula,  doubtless  to 
fulfil  thereby  the  function  of  rotation,  which  is  characteristic  of  the  muscle 
in  the  primitive  limb. 

Morphology  of  the  "  Condylo-tibialis." 

As  stated  on  the  opening  page  of  this  paper,  our  original  intention  was 
to  ascertain  the  constancy  of  this  slip  in  the  various  mammalian  orders, 
and,  if  possible,  to  decide  with  what  muscle  of  the  fore  limb  it  is 
homologous. 

It  would  appear  to  us  that  its  homologue  in  the  anterior  extremity  is 
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the  condylo-radialis  of  Windle.  Professor  Windle  {Journal  of  Anatomy  a  nd 
Physiology y  N.S.,  4, 1899-90)  has  pointed  out  that  the  flexor  mavss  of  miLsele 
in  the  forearm  may  be  regarded  as  typically  consisting  of  the  following  6 
partvS — viz.,  flexor  sublimis,  flexor  radialis,  flexor  ulnaris,  condylo-radialis, 
condylo-ulnaris,  and  condylo-centralis. 

Excluding  the  sublimis,  the  deep  flexor  will  therefore  consist  of  5  parts, 
in  a  generalised  mammal,  such  as  a  Carnivore  or  Insectivore.  After  the 
radialis  and  ulnaris,  the  commonest  constituent  is  the  condylo-radialis, 
which,  according  to  Windle,  arises  typically  from  the  internal  humeral 
condyle,  and  joins  the  radial  side  of  the  common  tendon,  formed  by  the 
various  components  of  the  deep  flexor  stratum.  A  comparison  between 
the  condylo-tibialis  and  condylo-radialis  shows  that,  not  only  do  they  bear 
a  similar  relation  to  the  popliteus  and  deep  portion  of  the  pronator  radii 
teres  respectively,  which,  as  we  have  seen,  are  to  be  regarded  as  homolo- 
gous, but  that  they  accompany  the  phylogenetic  migrations  of  these 
muscles  in  a  striking  manner. 

It  is  clearly  apparent  that  there  are  certain  stages  In  the  phyliMjeny  of 
the  muscles  deHved  from  the  deep  flexor  sheet  of  the  fore^trm  and  of  the  leg. 

The  flrst  stage  is  one  in  which  the  popliteus,  flexor  tibialis,  and  flexor 
flbularis  all  arise  from  the  ttbula,  whilst  in  the  forearm  the  deep  head  of 
the  pronator  radii  teres,  the  radialis,  and  ulnaris  all  take  origin  from  the 
ulna ;  such  a  stage  is  seen  in  the  anterior  and  posterior  extremities  of  the 
Lacertilia. 

In  the  second  stage,  the  other  crural  and  antibrachial  muscles  retain 
their  primitive  attachments,  but  the  flexor  tibialis  and  flexor  radialis  extend 
their  origins  to  the  tibia  and  radius  respectively.  This  condition  is  present 
in  the  Monotremata  in  both  limbs,  but  in  generalised  Marsupials  in  the  l4*g 
only,  the  muscles  of  the  upper  limb  having  paased  into  the  third  stage. 

In  the  third  stagey  movement  between  the  tibia  and  fibula  having  ceased 
to  exist,  the  popliteus  ascends  to  the  external  condyle  of  the  femur,  and 
carries  with  it  some  of  the  fibres  of  the  flexor  tibialis  which  represent  the 
condylo-tibial  slip  under  discussion  ;  in  the  preceding  stages,  where  the 
tendon  of  origin  has  not  ascended  to  the  outer  condyle  of  the  femur,  the 
slip  must  be  regarded  as  representing  the  connecting  fibres  with  the  flexor 
tibialis,  which,  in  the  primitive  condition,  extended  continuously  along  the 
posterior  aspect  of  the  leg.  In  the  antibrachium,  though  we  cannot  say 
definitely  that  the  deep  head  of  the  pronator  radii  teres  ascends  to  the 
internal  condyle  when  movement  between  the  bones  ceases  to  exist,  yet  it 
is  highly  probable  that  some  of  the  deeper  fibres  of  the  pronator  radii  teres 
in  Carnivores,  which  undoubtedly  arise  from  the  internal  condyle,  represent 
the  original  tdnar  head  of  the  muscle ;  for  it  is  noteworthy  that  tlie  pronator 


The  Homology  and  Morphology  of  the  Popliteus  Muscle  49 

radii  teres  in  the  Cat  is  a  deep,  wedge-shaped  muscle,  extending  right  down 
to  the  upper  extremities  of  the  two  bones  of  the  forearm.  None  of  the 
deep  flexor  layer  of  muscle  extends  beneath  the  pronator,  and  in  thickness 
it  certainly  equals  the  conjoined  superficial  and  deep  flexor  mass. 

With  this  probable  migration  of  the  deep  head  of  the  pronator  radii 
teres,  the  condylo-radialis  is  carried  up  also,  to  gain  an  attachment  to  the 
internal  condyle. 

But  if  such  be  the  march  of  events,  and  if  from  the  phylogenetic  point 
of  view  the  humeral  origin  of  the  condylo-radialis  be  more  recent  than 
the  ulnar  origin,  then  it  may  be  objected  that  it  appears  rather  strange  that 
in  Man,  a  mammal  most  specialised  and  the  most  highly  evolved,  the 
apparently  older  stage  in  tlie  evolution  of  the  muscle  persists. 

But  we  must  remember  that,  in  him,  movement  between  the  bones  of 
the  forearm  has  reappeared  in  an  extreme  degree. 

Obviously,  muscles  producing  this  movement  will  act  to  greater  advan- 
tage if  the  ulna  be  their  fixed  point  of  attachment ;  and  hence  the  fact  that 
a  reptilian  characteristic — viz.,  the  deep  layer  of  the  pronator  radii  teres — 
has  in  him  reappeared. 

The  human  condition  then  constitutes  di,  fourth  stage  in  the  phylogeny  of 
the  muscles  derived  from  the  deep  flexor  sheet  of  the  antibrachium,  and 
may  be  regarded  as  a  reversion  to  a  more  primitive  stage  in  adaptation  to 
special  requirements. 

In  the  leg  of  the  Lemur,  in  which  movement  between  the  bones  has  been 
similarly  reacquired,  indications  of  this  fourth  stage  are  apparent  in  the 
firm  attachment  that  the  popliteus  attains  to  the  head  of  the  fibula,  by  the 
medium  of  the  popliteal  sesamoid. 

In  this  fourth  and  reversionary  stage,  as  seen  in  the  arm  of  Man,  the 
condylo-radialis  descends  to  the  coronoid  process  of  the  ulna,  with  the  deep 
portion  of  the  pronator  radii  teres,  and  exists  as  the  accessory  head  of  the 
F.  longus  pollicis,  being  thus  strictly  comparable  to  the  condition  of  the 
condylo-tibial  slip  in  those  animals  in  which  the  upper  origin  of  the 
popliteus  is  from  the  head  of  the  fibula  (see  figs.  3  and  4). 

The  condylo-radialis  in  the  antibrachium  is  always  closely  related  to 
the  flexor  sublimis  digitoruin. 

The  condylo-tibial  slip  in  the  leg  of  the  generalised  Marsupials  which  we 
have  dissected,  and  in  which  the  popliteus  arose  from  the  fibula,  always  took 
origin  in  clase  relation  with  that  of  the  soleus,  which  is  generally  looked 
upon  as  the  representative  of  the  flexor  sublimis  digitorum  of  the  fore  limb. 

This  we  look  upon  as  further  evidence  that  the  slip  in  question  is  the 
homologue  of  the  condylo-radialis  in  the  forearm^ 


50  The  Homology  and  Morphology  of  the  Popliteus  Muscle 

Conclusions. 

( 1 )  That  the  superficial  portion  of  the  pronator  radii  teres  is  homologous 
in  the  lower  limb  with  a  portion  of  the  gastrocnemius  mass. 

(2)  That  the  deep  portion  of  the  pronator  radii  teres  is  homologous  in 
the  lower  limb  with  the  popliteus. 

(3)  That  the  deep  portion  of  the  pronator  radii  teres  and  popliteus  arose 
primitively  from  the  head  of  ulna  and  head  of  fibula  respectively. 

(4)  That  as  movement  between  the  tibia  and  fibula,  and  radius  and  ulna 
respectively,  ceased  to  exist,  the  upper  origin  of  the  popliteus  certainly,  and 
the  deep  portion  of  the  pronator  radii  teres  probably,  ascended  to  the 
external  femoral  and  internal  humeral  condyles  respectively. 

(5)  That  in  this  upward  migration  they  carried  with  them  certain  fibres 
of  the  flexor  tibialis  and  flexor  radialis  respectively. 

(6)  That  these  fibres  exist  as  the  condylo-tibialis  and  condylo-radialis 
respectively. 

(7)  That  in  the  Lemur,  where  movement  between  the  tibia  and  fibula 
has  reappeared,  the  popliteus  appears  to  be  descending  to  its  primitive 
fibular  attachment. 

(8)  That  in  Man,  and  to  an  extent  in  the  Anthropoid  Apes,  in  whom 
movement  between  the  radius  and  ulna  has  reappeared,  the  deep  portion  of 
the  pronator  radii  teres  has  descended  to  its  primitive  ulnar  attachment, 
carrying  with  it  the  condylo-radialis 

(9)  That  the  fibrous  arch  from  which  the  soleus  arises  in  Man,  is  identi- 
cal with  the  similar  structure  to  which,  in  Ungulates,  a  large  portion  of  the 
popliteus  is  attached,  and  is  to  be  regarded  as  indicating  the  original  line  of 
the  fibular  origin  of  the  popliteus. 

We  cannot  conclude  this  paper  without  expressing  our  thanks  to  Mr 
Beddard,  of  the  Zoological  Society  of  London,  for  his  kindness  in  placing 
so  many  specimens  at  our  disposal. 


refp:kences  consulted. 

Qua  IN,  Anatomy,  pt.  ii. 

Kbith,  Myology  of  the  Catafrhint. 

FCrst,  Kaiil,  Difi  Musculus  Popliteus  uwt  Hire  Seine. 

WiNDLB,  "Flexor  Muscles  of  Forearm,"  Jouniol  of  Anatomy  and  Physiology y 
N.S.,  4,  1889-90. 

Parsons,  F.  G.,  "  Myology  of  Rodentia,"  Proc,  Zooloy.  Soc. 

Parsons  and  Windle,  "  Myology  of  Carnivora,"  Proc,  Zooloy.  Soc,  1896-98 ; 
**  Myology  of  Edentata,"  ihvL,  1899;  "Myology  of  Ungulata,"  thid.,  1901  and  1904. 

Bronn,  Thier  Reichn.,  6. 

MiVART,  *' Anatomy  of  Echidna  Hystrix,"  Pror.  Linnean  Soc. 


THE  FACIAL  EXPRESSION  OF  VIOLENT  EFFORT,  BREATHLESS- 
NESS,  AND  FATIGUK  By  R.  Tait  M'Kenzie,  M.D.,  Professirr 
of  Physical  Education,  U,  of  P.,  late  Lecturer  on  AnatoTny,  M*Oill 
University.  (With  illustrations  from  masks  modelled  in  clay  by 
the  author— Plate  XIV.) 

The  cinder-path  and  the  campus  offer  a  rich  field  for  the  observation  of 
certain  forms  of  facial  expression  which  have  been  hitherto  but  little 
studied  and  iU  understood. 

It  is  impossible  for  a  runner  in  the  fierce  struggle  of  a  hundred-yard 
race  to  wear  the  look  of  indiflerence  when  he  is  trying  by  the  use  of  every 
muscle,  however  weak  and  indirect  its  action  may  be,  to  increase,  even  by 
the  smallest  fraction,  the  length  of  his  stride  or  quicken  the  speed  of  his 
movement.     This  eflbrt  is  mirrored  in  his  face  with  unfailing  accuracy. 

At  the  start  of  a  hundred-yard  dash  the  runner  catches  his  breath,  and 
usually  holds  it  during  the  entire  race  if  closely  pressed.  During  this 
time  the  body  is  under  stress  of  the  most  violent  action,  the  great  muscle 
masses  of  the  legs  are  in  powerful  alternate  contraction,  and  the  torso  is 
pulled  and  compressed  by  the  vigorous  action  of  the  arms.  The  shutting 
of  the  glottis  gives  a  more  solid  point  dfappiii  for  the  muscles  of  the  arms 
and  shoulders,  but  it  increases  enormously  the  pressure  on  the  heart  and 
lungs.  This  increase  in  blood-pressure  shows  in  the  purple  and  swollen 
face  and  the  red  suffused  eyes,  in  the  lips  retracted  from  the  clenched 
teeth  and  the  muscles  of  the  neck  fixed  in  contraction.  This  peculiar 
characteristic  expression  is  also  seen  in  jumpers,  hurdlers,  hammer-throwers, 
and  football  players.     It  indicates  the  acme  of  any  violent  effort. 

From  the  study  of  many  instantaneous  photographs  of  athletes  at  work, 
and  the  observation  of  men  in  action  at  many  athletic  gatherings,  the 
typical  expression  has  gradually  shaped  itself  in  my  mind,  somewhat  as 
appears  in  the  accompanying  mask  (fig.  1).  In  modelling  it,  no  one  man 
or  photograph  has  been  exclusively  followed,  the  endeavour  being  to 
combine  what  was  characteristic  in  many,  so  as  to  show  the  tj^ical  face 
of  violent  effort. 

In  this  face  there  is  a  general  converging  of  the  lines  to  the  root  of  the 
nose,  the  transverse  wrinkles  at  that  point   marking  the  action  of  the 
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pyramidalis  nasi.  The  frowning  brows  are  drawn  down,  and  the  palpepral 
fissure  is  narrowed  tx)  a  mere  slit.  The  outer  angle  of  the  eye  shows  the 
crow  8-feet  that  accompany  the  strong  action  of  the  orbicularis  palpebrarum. 
The  sneering  expression  of  the  nase,  caused  by  the  action  of  the  compressor 
nafii,  is  like  the  snarl  of  a  dog,  while  the  levator  anguli  oris  exposes  the 
canine  tooth  and  increases  the  effect.  The  nostril  is  distended,  the  upper 
lip  is  raised  from  the  teeth,  and  the  direction  of  the  naso-labial  fold  is 
altered.  The  lower  lip  is  dravTi  tightly  across  the  clenched  teeth,  except 
at  the  comers  of  the  mouth,  where  it  is  pulled  away  by  the  platysma, 
leaving  little  pouches  at  each  angle.  The  general  impression  of  the  face  is 
repulsive.  Hatred,  menace,  and  rage  predominate,  with  a  feeling  of  distress 
about  the  strained  mouth  and  neck. 

In  his  description  of  rage,  Darwin  says,  "The  lips  are  much  more 
commonly  retracted,  the  grinning  or  clenched  teeth  being  thus  exposed. 
The  appearance  is  as  if  the  teeth  were  uncovered,  ready  for  seizing  or 
tearing  an  enemy,  though  there  may  be  no  intention  of  acting  in  this 
manner." 

The  drawing  called  " Rage,"  in  Sir  Charles  Bells  classic  work  on 
cxpreasion,  shows  a  face  that  corresponds  closely  to  strain.  The  bent 
brows,  wrinkled  nose,  and  swollen  eyelids,  tlie  snarling  nose  and  cheek 
and  lifted  lip-angle,  all  suggest  violent  effort ;  the  lower  lip  is  also  drawn 
down  and  the  teeth  expased,  but  the  staring  eyes  in  his  drawing  are  in 
contrast  to  the  narrowed  eye-opening  characteristic  of  effort,  while  the 
raising  of  the  upper  lip-angle  in  Bell's  drawing  is  unaccompanied  by  the 
strong  retraction  of  the  lips,  that  always  marks  embarrassed  respiration. 

Hogarth,  one  of  the  keenest  observers  of  the  human  face  in  all  its 
moods,  is  rich  in  studies  of  curious  expression.  In  his  picture  of  a  cock- 
fight, he  shows  the  face  of  a  man  on  whom  snuff  has  just  been  sprinkled 
from  the  open  box  of  a  spectator  seated  above  him.  He  is  raivsing  his 
handkerchief  to  his  nose,  his  face  shows  unmistakablv  that  a  sneeze  is 
imminent,  the  lines  converge  to  the  root  of  the  nose  as  in  the  mask,  the 
action  of  the  orbicularis  being  well  shown  in  the  tightly  shut  eyes. 

This  shutting  of  the  eyes  in  all  violent  effort,  such  as  shouting,  sneezing, 
crying,  or  laughing,  is  explained  by  Bell  as  a  protection  against  increased 
intra-ocular  blood-pressure,  which  might  rupture  some  of  the  more  delicate 
of  the  distended  vessels.  Undoubtedly  the  runner  would  shut  his  eyes  if 
he  could,  and  the  hammer-thrower  occasionally  does  so  at  the  moment  of 
the  greatest  effort ;  but  the  runner  must  keep  his  course,  and  so  the  eye- 
openings  are  merely  narrowed  as  much  as  possible. 

The  expression  of  the  mouth  is  due  to  the  drawing  up  of  the  lip  and 
to  the  action  of  the  platysma.     The  action  of  this  muscle  is  very  constant 
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in  all  forms  of  effort  when  the  breathing  is  impeded,  and  it  often  springs 
into  action  when  delivering  a  blow  of  the  fist,  or  even  in  testing  the  grip 
by  a  hand  dynamometer.  It  intensifies  such  an  expression  as  surprise  to 
astonishment  or  horror,  of  pain  to  torture,  and  of  dislike  and  hatred  to  rage 
and  fury.     It  might  appropriately  be  called  the  muscle  of  emphasis. 

When  effort  is  prolonged  to  the  point  of  breathlessness,  as  is  seen  in  the 
continuous  strain  of  a  half-mile  race,  the  facial  expression  becomes  radically 
changed.  The  onset  of  this  condition  is  marked  by  a  quickening  of  the  circula- 
tion, the  eye  becomes  bright,  the  face  ruddy,  and  the  skin  flushed.  The 
breathing  becomes  deeper  and  more  rapid,  and  a  warm  glow  is  felt  through- 
out the  body.  As  the  waste  matters  accumulate  in  the  circulation,  the  lungs 
begin  to  lag  in  their  effort  to  throw  them  off,  the  breathing  becomes  more 
hurried,  shallow,  and  spasmodic ;  a  vague  discomfort  is  felt,  rapidly  increas- 
ing to  acute  distress ;  there  is  a  sense  of  constriction  in  the  chest,  murmurs 
and  singing  in  the  ears,  flashes  before  the  eyes,  and  mental  confusion  and 
even  unconsciousness.  When  in  this  condition  runners  may  swerve  from 
their  course,  fall,  run  blindly  into  obstacles,  or  do  other  unaccountable 
things. 

If  we  can  believe  the  legend  of  Ladas  the  Spartan,  we  have  at  least  one 
case  of  death  from  breathlessness,  and  it  is  not  infrequent  to  have  men  faint 
at  the  end  of  a  hard  race ;  and  even  before  the  finish  one  occasionally  sees  the 
face  become  dusky  and  leaden,  the  lips  blue  and  livid,  the  breathing  shallow, 
and  the  man  fall  fainting  before  reaching  the  goal. 

This  respiratory  madness,  this  distress  of  mind  and  body,  is  always 
pictured  on  the  face  of  the  struggling  man. 

In  this  mask  (fig.  2)  we  have  the  typical  face  of  the  breathless  man. 
The  smoothness  of  the  forehead  is  broken  by  wrinkles  spreading  out  from 
the  inner  end  of  the  updrawn  eyebrows,  where  the  general  direction  is  just 
the  reverse  of  that  seen  in  violent  effort ;  they  are  drawn  upward  and  inward 
by  the  corrugator  supercilii,  the  muscle  of  pain,  which  always  acts  in  grief, 
mental  distress,  anxiety,  and  bodily  pain.  The  differentiation  of  these 
various  shades  of  expression  will  depend  on  the  prevailing  cast  of  the  rest 
of  the  countenance. 

The  upper  lids,  in  breathlessness,  droop  and  half  cover  the  eye,  giving  a 
look  of  great  lassitude  to  the  suffering  expressed  by  this  region  of  the  face. 
The  nostrils  are  widely  dilated,  the  mouth  gapes,  and  the  lips  are  retracted 
in  the  mad  struggle  for  air.  The  raised  upper  lip  and  the  deepened  and 
changed  naso-labial  fold  add  to  the  look  of  sorrow  and  pain,  while  the 
down-drawn  mouth-angle,  the  tongue  close  pressed  against  the  teeth,  the 
cheek  sunken  into  the  cleft  between  the  opened  jaws,  all  go  to  increase  the 
gasping,  haggard  look  that  is  so  characteristic  of  this  state,  in  distinction 
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to  mere  bodily  pain  or  mental  suffering.  The  general  pose  of  the  head  is 
backwaixl,  with  the  chin  thrust  forward  and  the  neck  usually  convulsed  by 
the  stemo-mastoid  and  platysma  and  the  other  extraordinary  muscles  of 
respiration. 

**  In  bodily  pain,"  writes  Sir  Charles  Bell,  "  conjoined  with  distress 
of  mind,  the  eyebrows  are  knit,  the  pupils  are  in  part  concealed  by  the 
upper  eyelids,  and  the  nostrils  are  agitated/' 

Good  examples  of  this  condition  are  to  be  seen  in  Jean  Paul  Cortot's 
statue,  "The  Soldier  of  Marathon,"  in  the  Louvre;  and  in  a  drawing  by 
Andrea  Mantegna  of  the  death  of  Antaeus,  the  characteristic  lines  of  breath- 
lessness  or  suffocation  are  depicted  in  his  face  and  neck  as  he  gasps  in 
the  crushing  embrace  of  Hercules,  who  holds  him  in  mid-air. 

The  face  of  Laocoon  struggling  in  the  coils  of  the  serpent  has  many 
of  the  characteristics  of  breathlessness  in  it.  The  swelling  chest,  the 
distended  veins,  and  the  swollen,  contorted  neck  all  combine  to  show  that 
the  struggle  has  left  him  breathless.  Mingled  with  this  there  is  pain  and 
anxiety.  The  eyes  are  upturned,  and  the  mouth  is  open  and  panting. 
He  has  been  described  by  some  writers  as  bellowing  like  a  bull,  and  as 
crying  out  in  his  agony ;  but  the  knitted  brows  and  the  retracted  lips, 
the  extended  head  and  the  heaving  chest,  can  be  completely  accounted  for 
by  the  breathlessness  of  the  strain  and  tug  of  the  fight. 

Breathlessness,  as  seen  in  the  runner,  would  have  mental  anxiety 
associated  with  bodily  distress,  and  the  typical  expression  would  corre- 
spond closely  with  the  description  quoted  from  Sir  Charles  Bell,  with  the 
addition  of  the  gaping  mouth  and  expanded  nostrils. 

With  the  re-establishment  of  the  equilibrium  between  the  production  of 
waste  and  its  elimination,  the  urgency  of  breathlessness  passes  off.  The 
runner  gets  what  is  called  his  second  wind,  and  the  look  of  distress  dis- 
appears from  the  face.  The  lungs  feel  as  if  they  had  regained  their  power 
to  expand,  and  a  crushing  weight  seems  to  be  lifted  from  the  chest.  The 
head  becomes  clear  again,  and  the  muscles  act  with  renewed  vigour  and 
elasticity.  Soon  after  the  relief  felt  by  getting  his  second  wind,  the  runner 
begins  to  notice  a  general  sensation  of  lassitude  creeping  over  him.  His 
muscles  become  slower  and  slower  in  responding  to  the  will,  each  effort 
requires  greater  and  greater  concentration  of  attention  and  force  of  will, 
and  his  lassitude  gradually  deepens.  Group  after  group  of  muscles  refuse 
to  continue  their  work,  until  he  staggers  along  with  relaxed  grip,  yielding 
ankle,  fallen  jaw,  and  closing  eye. 

In  this  mask  (fig.  3)  we  see  the  typical  face  of  fatigue  after  the  urgency 
of  breathlessness  has  passed  off.  The  eyebrows  show  a  slight  frown,  and 
the   eyelids  are   heavy  as   with   sleep.     The   upper  lip  is  still  retracted 
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irregularly  from  the  teeth,  giving  a  slight  look  of  pain  to  the  cheek,  which 
is  otherwise  relaxed  and  flaccid.  The  mouth  is  half  open,  and  the  lower 
lip  hangs  loosely  from  the  parted  teeth.  The  eyebrows  have  just  such  an 
appearance  in  deep  thought,  painful  attention,  as  when  listening  to  an 
indistinct  speaker  or  watching  a  distant  object  in  an  uncertain  light.  The 
general  effect  is  one  of  vacancy.  Such  a  stupid,  vacant  look  is  well  depicted 
by  Hogarth  in  some  of  his  pictures  of  drunkenness,  notably  one  figure  in 
"A  Midnight  Modem  Conversation,"  the  chief  differences  being  that  the 
drunken  man  has  a  vacant,  silly  smile  about  the  mouth,  which  in  the  mask 
of  fatigue  is  replaced  by  slightly  retracted  lips  and  a  trace  of  pain  about 
the  mouth  and  cheek. 

As  fatigue  becomes  more  profound,  effort  is  centred  in  an  endeavour  to 
keep  the  eyes  open,  and  the  levator  palpebrsB  superioris  becomes  weakened ; 
the  frontalis  is  put  into  action,  giving  the  very  characteristic  and  contra- 
dictory expression  seen  in  this  mask  of  advanced  fatigue  (fig.  4),  which 
represents  the  ruimer  in  the  last  stage  of  exhaustion.  The  long  doubly 
curved  wrinkles  across  the  forehead,  with  arched  eyebrows,  are  usually 
associated  with  the  expression  of  surprise  and  astonishment,  but  here  they 
show  the  endeavour  to  raise  the  closing  eyelid  by  this  indirect  means,  since 
the  proper  muscle  can  no  longer  be  made  to  act.  The  nostrils  are  dilated, 
and  the  lips  drawn  outward  and  downward  by  the  platysma.  This  part  of 
the  face  shows  the  distress  of  impeded  respiration.  The  head  is  thrown 
backward  and  the  chin  thrust  forward,  as  we  see  in  all  endeavours  to 
balance  the  hesA  upon  the  neck  without  muscular  effort.  This  pose  of  the 
head  is  characteristic  of  fatigue.  It  is  well  shown  in  the  "  Sleeping  Boy  " 
by  Van  Dyck.  Both  pose  and  facial  expression  are  characteristic  of  the 
last  effort  to  fight  off  collapse,  and  are  a  warning  of  the  near  approach  of 
complete  breakdown. 

When  this  last  feeble  effort  is  exhausted,  the  face  gives  mute  expression 
to  the  final  stage  of  fatigue,  the  muscles  of  expression  cease  to  act,  the 
countenance  takes  on  a  look  of  absolute  apathy,  the  cheek  hangs  relaxed, 
and  the  gaping  mouth  completes  the  pathetic  picture  of  helpless  collapse. 

Few  runners  can  or  will  push  their  powers  to  this  extreme  limit  of 
endurance. 
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A  CASE  OF  ABSENCE  OF  THE  CORPUS  CALLOSUM.  By 
D.  Douglas-Crawford,  M.B.,  F.R.C.S.,  Lechi/rer  on  Surgical  and 
Applied  Anatomy  in  the  University  of  Liverpool ;  Hon.  Sv/rgeon 
to  the  Liverpool  Stanley  Hospital.     (Plate  XV.) 

The  rarity  of  such  a  condition  is  strongly  emphasised  by  the  few  references 
found  throughout  the  literature  of  the  past  century.  Reil  appears  to  have 
described  the  earliest  case  in  1812 ;  and  in  1888,  when  Bruce  read  a  paper 
upon  the  subject  before  the  Royal  Society  of  Edinburgh  (Proceedings, 
XV.),  he  was  only  able  to  give  a  list  of  30  cases.  I  have  been  unable  to 
find  reports  of  any  more  recent  cases. 

Bruce  arranges  these  30  cases  in  four  groups : — 

(a)  In  15  there  was  complete  absence. 

(b)  In  6  there  was  partial  development. 

(c)  In  3  the  anterior  portion  was  absent. 

(d)  In  6  the  absence  was  obviously  secondary  to  a  tumour. 

Upon  reading  the  reports  of  these  cases  one  is  struck  by  the  fact  that 
most  of  them  are  descriptions  of  the  brains  of  idiots  or  epileptics,  and  that 
other  gross  defects  were  found  at  the  autopsy,  such  as  abnormally  distended 
ventricles;  and  Turner  (Jmim.  Anat.  and  Phys,,  xii.,  1878)  considered  this 
condition  of  the  ventricles  as  the  main  factor  in  arresting  the  callosal 
development  (Knox's  case — Ola^.  Med,  Journal,  1875). 

Only  5  of  the  30  cases  were  brains  of  people  of  average  intelligence. 
These  were : — 

(1)  Malinvemi's  case  {Oiomxil  del.  R.  Acad,  di  Torino,  1874) :  A  soldier, 
died  at  age  of  40.  Corpus  callosum,  septum  lucidum,  and  gyrus  fornicatus 
absent. 

(2)  Eichler's  case  {Arch.  f.  Psychiatric,  vol.  viii.  pt.  ii.,  1878) :  A  sober, 
industrious  labourer,  father  of  a  well-developed  child ;  a  good  husband ; 
could  read  and  write.     Died  sdt.  43  from  gangrene  of  the  scrotum. 

(3)  Paget's  case  (Med.  Chir.  Trans.,  1846):  Female;  mental  condition 
fairly  normal.     Died  aet.  21.     C.  callosum  14  inch  long. 

(4)  Jolly's  case  (Zeitschrift  f.  Ration elle  Medicin,  Bd.  xxxvi.,  1869): 
Railway  servant,  mental  power  normal.  Died  ajt.  58  from  cancer  of  the 
stomach.     C.  callosum  about  1  inch  in  length. 

57 


58  Mr  D.  Douglas-Crawford 

(5)  Bruce'a  case  (Bruin,  vol.  xii.,  1890):  Male;  had  been  a  light  porter 
in  one  firm  for  thirteen  yeara.     Died  fi-om  pneumonia. 

All  5  cases  are  included  in  Group  ((()  of  Bruce's  cla-saification. 

From  these  cases  it  is  obvious  that  absence  of  this  commissure  is  nut 
incompatible  with  mental  efficiency. 

The  specimen  w)iich  has  come  under  my  notice  was  removed  from  au 
elderly  male  subject  in  the  dissecting  room.  Unfortunately,  I  have  been 
unable  to  trace  the  previous  history. 

The  corpus  callosum  is  represented  by  a  round  bundle  of  fibres,  half  an 
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inch  in  diatneter,  placed  immediately  anterior  to  the  anterioi-  pillar  of  the 
fornix  and  dorsal  to  a  normal-sized  anterior  commissure. 

Both  hemispheres  are  richly  convoluted,  but  there  are  certain  irreiju- 
larities  in  the  arrangement  of  the  sulci. 

Exterjial  Surfiwe. — Frontal  lobes.  The  superior  and  middle  convolu- 
tions are  subdivided  by  an  accessory  sulcus  parallel  to  the  pre-central. 
The  pars  basilaris  of  the  right  hemisphere  is  especially  well  developed. 
The  pre-central  sulcus  has  a  more  forward  direction  on  the  right  than 
on  the  left  hemisphere,  culminating  in  a  strongly -marked  genu  at  the 
posterior  end  and  superior  border  of  the  inferior  frontal  convolution.  The 
ascending  frontal  convolution  of  the  right  side  is  narrow  above  and  broad 
below,  the  reverse  obtaining  on  the  left  hemisphere. 

The  left  fissure  of  Rolando  is  forked  superiorly,  cutting  off  a  portion  of 
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the  ascending  frontal  convolution,  and  ends  fully  an  inch  from  the  mtisial 
border  of  the  hemisphere. 

Right  PoHt-centrtd  Sulcux. — The  inferior  ramus  intersects  tlie  posterior 
limb  of  the  Sylvian  fissure ;  the  superior  ramus  is  extremely  short : 
the  horizontal  ramus  curves  backwards  almost  reaching  a  well-defined 
arcus  pari eto-occipi talis,  but  separated  from  it  by  a  slender  convolution 
continuous  with  the  angular  gyrus. 

The  right  supra-marginal  gyrus  is  well  developed,  and  delimited  by 
a  shallow  sagittaliy  directed  sulcus  from  the  superior  temporal  gyrus. 


External  stuface  of  left  oerebral  hemisphere. 

The  angular  and  posterior  parietal  gyri  are  very  irregularly  indented  bj' 
shallow  sulci. 

Left  Post-central  Hvlcun. — The  superior  ramus  is  longer  than  on  the 
right  side ;  the  horizontal  ramus  curves  backwards  to  become  continuous 
with  a  sulcus  on  the  occipital  lobe  parallel  with  the  ramus  occipitalis,  and 
in  this  way  is  continued  to  the  posterior  margin  of  the  brain ;  the  left 
superior  parietal  convolutioii  takes  a  serpentine  course  backwards  to  become 
continuous  with  the  middle  part  of  the  occipital  lobe. 

The  left  supra-marginal  lobe  resembles  the  riglit,  but  the  secondary  sulci 
all  radiate  from  a  spot  just  behind  the  posterior  limb  of  the  Sylvian  fissure. 
In  this  hemisphere  we  see  a  crowding  out,  as  it  were,  of  portion  of  the 
parietal  lobe  due  to  excessive  development  of  the  upper  part  of  the  ascend- 
ing frontal  and  ascending  parietal  gyri. 
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Temporal  Lobee  and  Sulci. — The  right  firat  temporal  sulcus  is  con- 
tinued outwards  and  upwards  over  the  outer  surface  of  the  hemisphere 
by  sulci  of  varying  depths,  to  end  just  short  of  the  most  convex  portion 
of  the  ramus  horizontahs. 

The  posterior  part  of  the  temporal  and  posterior  parietal  regions  is 
subdivided  by  shallow  sagittally  disposed  sulci,  parallel  to,  indirectly 
continuous  with,  the  first  temporal  suleua 

The  left  first  parallel  sulcus  takes  a  fairly  straight  course  backwards, 
ending  in  a  widely-forked  extremity. 


Hesial  aarfaca  of  left  cerebral  hunuphera. 

Mesial  Surface. — The  right  calloao-marginal  sulcus  begins  on  the  same 
level,  and  just  anterior  to,  the  rudimentary  corpus  callosum :  on  the  left, 
this  sulcus  begins  well  below  the  corpus  callosum  near  the  inferior  margin 
of  the  hemisphere.  They  terminate  just  beyond  the  anterior  end  of  the 
optic  thalamus  at  a  point  corresponding  to  the  pre-central  sulcus. 

The  right  marginal  convolution  is  broad,  and  deeply  indented  by  four 
radially  directed  sulci ;  the  first  passes  below  the  commencement  of  the 
calloBO- marginal  sulcus,  the  other  three  pass  from  the  margin  of  the 
hemisphere  directly  into  the  cal I oso- marginal  sulcus. 

The  marginal  lobe  is  limited  behind  by  a  deep  triradiate  sulcus,  one 
limb  of  wliicli  passes  around  the  upturned  end  of  the  callosal  convolution 
to  become  continuous  with  the  ventricle. 
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The  anterior  end  of  the  callosal  convolution  is  much  broader  on  the 
left  side  than  on  the  right. 

The  para-central  and  precuneate  lobes  of  both  hemispheres  are  well 
defined,  and  deeply  indented  by  radially  directed  sulci  continuous  with 
the  ventricular  margin. 

The  right  internal  parieto-occipital  fissure  is  cut  off  from  union  with 
the  calcarine  by  the  appearance  on  the  surface  of  the  cuneo-lingual 
gyrus,  and  in  consequence  the  anterior  limb  of  the  calcarine  fissure  is 
completely  separated  from  the  posterior.  Just  at  the  point  of  separa- 
tion the  tip  of  the  cuneate  lobe  is  considerably  raised  above  the  surface. 

Although  variations  in  the  convolutions  and  sulci  exist  throughout  the 
whole  of  each  hemisphere,  the  irregularities  on  the  external  surface  are 
especially  marked.  (1)  In  the  unusual  subdivision  of  the  superior  and 
middle  frontal  convolutions,  and  the  great  difference  in  shape  between  the 
right  and  left  ascending  frontal  convolutions.  (2)  In  the  left  fissure  of 
Rolando,  the  upper  end  of  which  is  widely  forked.  (3)  In  the  irregular 
indentation  by  shallow  sulci  of  certain  gj^i,  especially  the  angular  and 
posterior  parietal.  It  is  to  be  noted  that  these  sulci,  especially  on  the  left 
hemisphere,  radiate  from  a  point  just  behind  the  posterior  limb  of  the 
Sylvian  fissure.  It  has  been  pointed  out  by  Cunningham  that  in  all  brains 
in  which  the  corpus  callosum  is  absent  the  sulci  have  a  special  tendency  to 
radiate  from  the  Sylvian  fissure. 

On  the  mesial  surface  are  to  be  noted  (1)  the  short  gyrus  fomicatus; 

(2)  the  complete  separation  of  the  anterior  and  posterior  limbs  of  the 
calcarine   fissure  by   the  cuneo-lingual   gyrus  appearing  on  the  surfax;e; 

(3)  the  radiate  arrangement  of  the  sulci. 

The  left  hemisphere  was  further  examined  (PL  XV.,  C).  The  callosal 
and  marginal  gyri  were  torn  outwards,  bringing  into  view  (a)  a  narrow 
marginal  band  lying  on  the  dorsal  surface  of  the  rudimentary  corpus 
callosum,  which  could  be  traced  forwards  and  downwards  in  front  of  the 
anterior  commissure  to  become  continuous  with  the  olfactory  tract;  the 
dorsal  portion  was  intimately  associated  with  the  fornix,  and  wound  around 
the  posterior  end  of  the  optic  thalamus,  where  it  presented  a  well-marked 
serrated  eminence  (the  Balkenwindung  of  Retzius),  diminishing  in  size  as  it 
passed  onwards  to  the  uncus,  and  finally  becoming  lost  in  the  region  of  the 
lateral  root  of  the  olfactory  tract.  The  relations  and  connections  of  this 
"  marginal  band  "  suggest  a  complete  limbic  lobe. 

(6)  The  fornix,  which  showed  a  failure  of  union  of  the  body  with  its 
fellow  of  the  opposite  side,  and  a  considerable  number  of  the  fibres  of 
the  anterior  pillar  passed  in  front  of  the  anterior  commissure ;  these 
fibres  (the  pre-commissural  fibres  of    Huxley)  could  be  readily  traced 
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into   the  precommissural   area  of   Elliot   Smith  or  gyrus   subcallosus   of 
Zuckerkandl. 

(c)  White  fibres  passing  apparently  from  the  different  portions  of  the 
cortex  to  become  lost  in  the  limbic  lobe. 

Six  coronal  sections  of  the  left  hemisphere  were  now  made,  the  first 
passing  through  the  anterior  portion  of  the  rudimentary  corpus  callosum, 
the  last  through  the  posterior  horn  of  the  lateral  ventricle. 

The  first  shows  that  the  fibres  of  the  corpus  callosum  connect  across  the 
middle  line  only  the  anterior  portions  of  the  frontal  lobes ;  the  posterior 
portions  and  ascending  frontal  convolutions  of  opposite  sides  are  apparently 
not  thus  associated,  nor  do  any  fibres  pass  downwards  into  the  orbital 
portions  of  these  lobes  (PL  XV.  fig.  1). 

The  second  shows  the  anterior  commissure  dissected  out ;  its  connections 
were  apparently  normal  (PI.  XV.  fig.  2). 

The  third  shows  a  bundle  of  longitudinally  directed  white  fibres  placed 
dorsal  to  the  descending  horn  of  the  lateral  ventricle.  I  venture  to  suggest 
that  these  are  some  of  the  fibres  of  the  inferior  longitudinal  fasciculus 
(PI.  XV.  fig.  3). 

The  fourth  and  fifth  do  not  present  any  special  features;  but  in  the 
sixth  the  posterior  cornu  is  almast  surrounded  by  a  narrow  but  very 
distinct  band  of  white  fibres,  which  appear  to  take  origin  from  the  limbic 
lobe.  They  suggest  a  well-developed  tapetum,  but  I  hardly  dare  state 
dogmatically  that  they  are  tapetum  fibres  in  the  face  of  the  researches  of 
Ferrier  and  Turner. 

These  sections  do  not  suggest  any  marked  increase  in  size  in  the  ven- 
tricles :  the  posterior  horn  may  be  slightly  larger  than  usual. 

In  describing  tliis  case,  I  have  used  the  terms  "  commissure  bed  "  and 
"  pre-commissural  area  "  in  the  same  sense  as  they  are  employed  by  Elliot 
Smith  in  his  paper  on  the  morphology  of  the  limbic  lobe.  His  "  commissure 
bed  "  is  that  portion  of  the  lamina  terminalis  lying  dorsally  to  the  anterior 
commissure,  the  "  pre-commissural  area  "  being  the  most  anterior  portion  of 
the  pars  intermedia  of  the  primitive  limbic  lobe. 

The  case  appears  to  support  Elliot  Smith's  views  of  the  development  of 
this  great  commissure  rather  than  the  older  "  fusion  theory  "  which  His, 
Mihalkovicz,  and  others  support. 

While  it  is  useless  to  speculate  upon  the  possible  mental  condition  of  the 
man  from  whom  this  brain  was  removed,  yet  it  is  of  interest  to  note  how 
closely  it  resembles  in  many  respects  the  brains  included  in  Bruce  s  first 
group,  in  five  of  which  there  was  mental  efficiency. 

The  specimen  demonstrates  that  the  fornix  commissure  appears  before 
the  callosal,  and  that  the  dorsal  portion  of  the  corpus  callosum  is  the  first 
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part   of   that   commissure   to   appear  in  the  commissure  bed  immediately 
anterior  to  the  fornix. 

My  thanks  are  due  to  Dr  Gordon  Thompson  (University  Gee  Fellow) 
for  the  very  careful  and  accurate  drawings  of  the  different  sections. 
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THE  CIRCLE  OF  WILLIS :  AN  EXAMINATION  OF  700  SPECIMENS. 
By  Professor  E.  Fawcett,  University  College,  Bristol,  and  Dr  J.  V. 
Blachford,  Medical  Superintendent,  City  and  County  Asylum, 
Bristol. 

This  investigation  is  another  of  the  series  of  which  we  have  from  time  to 
time  published  reports.  The  only  other  we  know  of  on  the  same  subject — 
that  of  Dr  Windle — was  published  in  the  year  1888  in  this  Journal,  and 
dealt  with  200  specimens.  Our  results  are  derived  from  an  analysis  of 
more  than  three  times  that  number  of  cases,  and,  taken  along  with  these, 
should  furnish  statistics  which  may  be  considered  as  affording  reliable 
averages. 

Plan  of  Report. 

We  first  examined  the  circle  with  a  view  to  finding  how  often  it  was 
complete,  how  often  incomplete.  When  incomplete,  we  ascertained  to  what 
the  non-completion  was  due. 

Then  we  inquired  into  the  symmetry  or  asymmetry,  and,  when 
asymmetry  was  found,  determined  its  nature  and  the  frequency  with  which 
it  occurred.  Having  done  this,  we  made  and  recorded  observations  on  most 
of  the  arteries  entering  into  the  circle.  The  question  of  the  influence  of 
sex  was  considered,  and  is  reported  on. 


The  Circle  of  Willis  Complete. 

In  700  specimens  we  found  the  circle  complete  673  times,  or  961  per 
cent. 

In  350  females  it  was  complete  834  times,  or  954  per  cent. 
In  350  males  it  was  complete  339  times,  or  96*8  per  cent. 

M.  339^         ^9^-8        „  ^  700 

The  Circle  of  Willis  Incomplete, 
It  was  incomplete  in  27  cases,  or  3*8  per  cent. 
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In  350  females  it  was  incomplete  16  times,  or  4*5  per  cent.,  and  in  a 
similar  number  of  males  11  times,  or  31  per  cent. 

^*  35Q  =  ^'^P^rc®^^-    )  27 

/-  Total  =7w^  =  3"8  per  cent. 

»■«-'■'  •■  ' 

Nature  of  1 7} completeness. 
This  was  due  to : — 

a.  Absence  of  one  or  both  posterior  communicating  arteries. 
6.  Absence  of  the  anterior  communicating  artery. 

a.  Absence  of  one  or  both  Posteinor  Ccytn^nunicating  AHeries  is  not  a 
common  condition  according  to  our  tables,  not  nearly  so  common  as  Windle 
reports.     When  one  artery  is  absent,  it  is  more  commonly  the  right  one. 

(a^)  Absence  of  one  Posterior  Comniunicatiny  Artery :  The  Right. 

The  right  posterior  communicating  artery  was  absent  13  times — 18  per 
cent. ;  in  350  females  it  was  absent  5  times,  or  14  per  cent.,  and  in  350  males 
it  was  absent  8  times,  or  2*2  per  cent. 

F  =1*4  per  cent.    \ 

350  *^  i  T  .  1    13      ,  „ 

>•  lotal  iJYy\=  lo  per  cent. 

Windle  8  figures,  quoted  in  Quain's  Anatomy,  show  absence  of  this  artery 
in  4*5  per  cent  of  cases. 

(c/^)  The  Left. 

This  artery  is  not  so  commonly  absent  as  the  right  one,  being  absent 
only  10  times,  as  against  13,  in  700  cases,  or  1*4  per  cent.  It  was,  unlike 
the  right  one.  more  commonly  absent  in  females.  Thus,  in  350  females  it  was 
absent  7  times,  and  in  a  corresponding  number  of  males  3  times.  It  was 
therefore  more  than  twice  as  often  absent  in  females  as  in  males. 

>  lotal  ^ttt:  =  14  per  cent. 


M  -^=   -85 
^^'  350 


>» 


According  to  Windle,  it  is  absent  in  6'5  per  cent,  of  cases. 


The  Circle  of  Willis  65 

(ttg)  Absence  of  both  Posterior  C(ytrvmit)ricatin(j  Arterie8. 

This  is  a  very  uncommon  condition,  occurring  in  our  specimens  but 
3  times — each  time  in  a  female — "4  per  cent.  Windle  found  it  jus  often  as 
1"5  per  cent. 

It  is  a  little  difficult  to  account  for  these  wide  differences  between  our 
results  and  those  of  Windle.  Can  there  be  a  difference  in  the  insane,  or  is  it 
due  to  the  great  difference  in  the  nimiber  examined  ? 

h.  Absence  of  the  Anterior  Communicating  Artery. 

This  must  be  a  very  rare  condition  as  we  met  with  it  only  once,  and 
that  in  a  female.  Windle  notes  several  cases  of  absence  of  the  anterior 
communicating  artery,  mostly  due  to  fusion  of  the  anterior  cerebrals. 

Symmetry  of  the  Circle  of  Willis. 

The  circle  was  symmetrical  in  514  cases  out  of  700,  or  in  73*4  per  cent. 
In  350  females  it  was  symmetrical  248  times,  and  in  a  corresponding 
number  of  males  266  times. 

248 
F.  3^0  =  70-8  per  cent.  ^  ^^^ 

^aa  C  Total  ?^7^  =  734  per  cent. 

M  —=76  '  ^^^ 

350 

It  wds  complete  and  syrametrical  510  times  out  of  700,  or  72*8  per 
cent. — 244  times  in  the  female,  or  66*7,  and  266  times  in  the  male  out  of  350 
cases,  or  76  per  cent. 

244 
F.  3^^  =  66-7  per  cent.  >|  ^^^ 

M  ???  -  -  i  ^""^^^  ^  "  ^^'^  ^^'  ''^''^' 

350"^^ 

Asymmetry  of  the  Circle  of  Willis. 

This  has  many  causes,  thus : — 

a.  Variation  in  size  between  the  two  posterior  communicating  arteries. 

b.  Absence  of  an  artery  in  the  circle. 

c.  Doubling  of  one  anterior  cerebral  artery. 

cL  Abnormal  origin  of  the  posterior  cerebral  arteries, 
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a.   Variation  in  Size  between  the  two  Posterior  Conirmtnicating 

Arteries, 

(a^)  The  Right  Posterior  Communicating  Artery  was  larger  than  the 
left  in  87  cases  out  of  700,  or  124  per  cent.  In  350  females,  45  times,  or 
128;  in  males,  42  times,  or  12  per  cent. 

45 
F.  ^=^'^^'S  ipev  cent . 

[  Total  -5L  =  1 2-4  per  cent. 
,     42      ,  (  700  ^ 

M  —  =19  ' 

350     ^ 

(ttg)  The  Left  Posterior  Communicating  Artery  was  larger  than  the 
right  in  64  cases  out  of  700,  or  91  per  cent.  In  350  females,  it  was  the 
case  37  times,  or  105  per  cent. ;  and  in  350  males,  27  showed  this  condition, 
or  7*7  per  cent. 

T.    37 

35Q  =  10'5  per  cent,  i 

27  p^^*^  TOO"^*^  percent. 

It  is  evident  that  the  right  artery  is  more  often,  by  its  enlargement,  the 

R  87     12*1 
cause  of  asymmetry  than  the  left  one,  thus  ^  Vr  =  -^  per  cent. 

This  tallies  with  Windle's  observation. 

b.  Absence  of  an  Artery  in  the  Circle. 

So  far  as  our  observations  go,  it  is  the  posterior  communicating  alone 
which  is  concerned  here. 

(fej)   The  Right  Posterior  Communicating  was  absent  13  times  out  of  700, 
or  1*8  per  cent,  and  it  was  more  often  absent  in  males  than  females,  thus : — 

F   -^) 

'•  350/™  ,  ,    13      ,  „  , 

8    (^^^^  7QQ  =  1'8  per  cent. 


M. 


350 

(62)  The  Left  Pwtevinr  Communicating  AHery  wcm  absevt  10  times  in 
700,  or  14  per  cent.  It  was  twice  as  often  absent  in  females  as  in  males, 
thus : — 


■  350  ( 


Total  — -  =  14  per  cent. 


^•350 


3    f    ""'  700 
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c.  Doubling  of  one  Antem^ior  Cerehral  Artery. 

Tliis  is  a  rare  cause  of  asymmetry,  occurring  only  twice,  or  28  per  cent., 
once  in  a  male  and  once  in  a  female. 

In  the  nude  it  divided  into  two  within  the  circle,  and  when  without  the 
two  united. 

In  the  female  the  two  reunited  within  the  circle.  In  both  cases  it  was 
the  right  artery  which  was  affected. 


d.  Asymmetry  due  to  Abnormal  OHgin  of  the  PoHterior 

Cerebral  Arteries. 

(cZj)  The  Right  Posterior  Cerebral  in  6  cases  out  of  700  arose  from  the 
corresponding  internal  carotid,  four  times  in  females,  twice  in  males,  thus :  — 

4 
F.  ^^^  =  11  percent.. 

'^^^  t  Total  -A  =  -85  per  cent, 

iv^r     2  .^  f  700  ^ 

(fZg)  The  Left  Posterior  Cerebral  Artery  arose  in  4  cases  out  of  700 
from  the  corresponding  internal  carotid,  or  57  per  cent.,  three  times  in 
females  and  once  in  males,  thus : — 

3 
F.  ^-~  =  7  per  cent. 


'^^^  \  Total  JL 


,  Total  --—  =  57  per  cent. 

M.-L=-28       „        )  ^^ 

350 

Asymmetry  due  to  abnormal  origin  of  the  posterior  cerebral   arteries  is 
evidently  twice  as  common  in  the  female  as  the  male. 

Female     :     Male     :  :     7     :     3 


Observations  on  some  of  the  Arteries  entering  into 

THE  Circle  of  Willis. 

The  Anterior  Communicating  Artery. 

This  was  only  absent  once,  and  that  in  a  female.  It  was  found  to  be 
single  or  double,  or  even  treble,  and  it  might  be  I-shaped. 

It  was  single  in  645  out  of  700,  or  921  per  cent. ;  in  350  females  it  was 
single  315  times,  or  90  per  cent.,  and  in  the  same  number  of  males  330 
times,  or  971  per  cent. 
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im_.    1  645 


F.    ' —  =  90  per  cent. 
850  ^ 

QOA  r  Total  ^^  =  921  per  cent. 

M.  'Z!!?^  =  97l       „         '  700  ^ 

350 

The  artery  was  double  in  51  cases  out  of  700,  or  7*2  per  cent. ;  was  32 
times  double  in  females,  or  914  per  cent.,  and  19  times  double  in  males : — 

F.  I_- =914  per  cent.  \ 

1  r.  r  Total  -— -  =72  per  cent. 

^•350"^^  "         ^ 

The  artery  was  treble  in  one  case  only,  and  that  case  was  a  male.  It 
occurred  in  a  case  in  which  a  third  anterior  cerebral  artery  was  present. 

The  artery  wa-nT, -shaped  (like  the  letter  H  laid  horizontally).  This 
was  met  with  twice,  both  being  in  females. 

The  Third  Anterior  Cerelyr(d  Artery. 

This  artery  arises  as  a  rule  from  the  anterior  communicating  artery. 

It  was  present  23  times  in  700,  or  3'2  per  cent. — Windle  says  4*5  per 
cent.  It  seems  to  be  much  more  common  in  the  male  than  the  female,  for 
it  was  met  with  19  times  in  350  males,  or  5*7  per  cent.,  and  only  4  times  in 
the  females,  or  11  per  cent. 

4 
F.  ___  =  1.1  per  cent.  \ 

}  Total  ^^  =  3-2  per  cent. 
M.i^=5-7         „        j  700  P 

350 

In  one  case,  a  male,  the  artery  arose  by  two  roots,  one  from  each 
anterior  cei-ebral.  In  two  cases  it  arose  directly  from  the  left  anterior 
cerebral  aii^ery,  one  in  a  male,  the  other  in  a  female. 

In  another  case,  in  which  there  were  three  anterior  communicating 
arteries  present,  it  arose  from  the  middle  one. 

Nothing  need  further  be  said  about  the  other  arteries  entering  into  the 
circle — they  have  already  l)een  fully  dealt  with  ;  but  it  may  be  interesting 
to  note  that  in  two  females  the  basilar  artery,  after  giving  off  two  posterior 
cerebrals,  bifurcated  into  two  posterior  communicating  arteries. 

We  may  now  sum  up : — 

The  circle  is  usually  complete  and  symmetrical.  If  incomplete,  that  is 
due  to  absence  of  one  or  both  posterior  communicating  arteries,  or  of  the 
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anterior  communicating — a  very  rare  condition.  Absence  of  the  pasterior 
communicating  arteries  is  not  so  common  as  stated. 

If  asymmetrical,  it  may  be  due  to  absence  of  a  posterior  communicating 
artery,  to  doubling  of  an  anterior  cerebral  artery,  or  abnormal  origin  of  one 
posterior  cerebral. 

The  anterior  communicating  artery  is  more  often  double  in  females 
than  in  males. 

A  third  anterior  cerebral  artery  is  much  more  often  present  in  males 
than  in  females. 
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1.  Complet*;  and 
symmetrical,  72*8  f»er 
cent. 


4.  Right  post,  com- 
municating  absent, 
1*8  per  cent. 


2.   Right  post, 
coiiimunicating 
larger  than    left. 
12*4  per  cent. 


5.     Left    post, 
communicating 
absent,     1'4     yter 
cent. 


L.RCc 


3.  Left  post,  com- 
monicating  larger 
than  right,  9*1  per 
cent. 


j^ 


6.  Both  post  com- 
municating arteries 
absent,  *4  per  cent. 


7.  Right  post,  ccreb. 
from  int.  carotid, 
•85  per  cent. 


8.  Left  post, 
cereb.  from  int. 
carotid,  '57  per 
cent. 


9.  Both  post  cere- 
brals from  int. 
carotids,  '14  per  cent. 


10.  Ant.  coiii- 
municating single, 
92*1  per  cent. 


11.   Ant.  com- 
municatingdonble, 
7*2  per  cent. 


12.  Ant.  communi- 
cating treble,  '14  per 
cent. 


Fig.  1 


B. — Basilar  artery. 

R.  P.O. — Right  post,  cerebral  artery. 

L.P.C.  — Lwtt  post,  cerebral  artery. 
R.P.Co. — Right  post,  communicating. 
L.P.Co.— Lett  post,  communicating. 


M.C. — Middle  cerebral  artery. 
L.  A.C. — Left  anterior  cerebral. 
R.  A.C. — Kight  anterior  cerebral. 
A.  Co. — Anterior  communicating. 


AN  ACARDIAC  FCETUS  {Acephalua  omphalositictts).  By  Reginald 
J.  Gladstone,  M.D.,  F.RC.S.,  Middlesex  Hospital,  London,  W. 
(Plates  XVI.-XVIII.) 

Although  the  external  characters  of  a  number  of  acardiac  foetuses  of 
different  kinds  have  been  described  (1-5),  comparatively  few  records  have 
been  published  in  which  there  is  a  clear  and  complete  account  of  the 
internal  anatomy  of  these  rare  monsters.  Moreover,  the  course  of  the 
circulation,  and  the  means  by  which  the  blood  is  propelled  through  the 
foetus  and  placenta,  are  of  such  interest  that  no  apology  is  needed  for 
giving  a  detailed  description  of  the  following  specimen. 

These  monsters  are  always  associated  with  a  twin  foetus,  whose  heart 
carries  on  the  circulation  in  both,  there  being  a  direct  anastomosis  between 
the  vessels  in  the  placenta  of  the  normal  foetus  or  autosite,  and  the 
umbilical  vessels  of  the  acardiac  foetus  or  oTnphalofdte.  An  acardiac 
foetus  is  obviously  incapable  of  separate  existence  after  birth;  and  even 
while  in  utero  its  life  is  maintained  not  only  by  the  mother,  but  it  is 
also  dependent  on  the  twin  foetus  with  which  it  is  associated.  The 
omphalosite  is  dependent  on  the  mother  for  nutritive  material  and  for  the 
arterialisation  of  its  blood,  which  takes  place  in  the  placenta,  while  it  is 
dependent  on  the  autosite  for  the  motive  power  by  which  the  circulation 
of  blood  through  it  is  accomplished. 

The  specimen  (fig.  3)  which  forms  the  subject  of  this  paper  was 
sent  by  Dr  M.  Grabham  from  the  Jubilee  Lying-in  Hospital,  Kingston, 
Jamaica,  to  Dr  Robert  Boxall;  and  I  have  to  express  my  thanks  to  Dr 
Boxall  for  permission  to  dissect  the  specimen,  and  to  Dr  Grabham  for  the 
following  particulars  with  regard  to  its  birth.  The  specimen  was  one  of 
three  male  foetuses  which  were  bom  together  at  full  term.  Two  of  these 
were  undersized,  but  otherwise  normal  in  appearance ;  these  were  bom  first, 
the  head  presenting,  the  acardiac  foetus  being  born  shortly  afterwards,  and 
with  a  "  breech  presentation."  There  was  no  excess  of  liquor  amnii,  and 
there  was  no  history  of  any  congenital  malformation  having  occurred  in 
children  which  had  been  born  previously. 

Placenta  and  Membranes. 

The  "  after-birth  "  (figs.  1  and  2)  appeared  at  first  sight  to  be  a  specimen 
of  triple  placenta,  for  there  were  three  separate  amniotic  sacs  and  three 
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umbilical  cords.  The  placenta,  with  the  membranes  and  cords  attached, 
weighed  305  grm.  (10*7  oz.),  and  measured  in  its  longest  transverse  diameter 
16  cm.  (6J  in.).  One  amniotic  sac  smaller  than  the  other  two  was  presum- 
ably the  sac  which  contained  the  acephalic  monster.  The  length  of  each 
of  the  umbilical  cords  belonging  to  the  two  larger  sacs  was  25  cm. 
(9f  in.),  that  of  the  smaller  16o  cm.  (6J  in.).  The  thickness  of  the 
latter  was  also  much  less  than  that  of  the  other  two,  and  on  making  a 
transverse  section  through  it,  only  two  vessels  could  be  recognised — 
namely,  the  umbilical  vein  and  one  umbilical  artery.  The  vessels  of  the 
two  larger  cords  were  normal  in  number  and  appearance.  ELach  amniotic 
sac  was  independent;  for  where  two  amniotic  sacs  were  in  contact  with 
one  another,  although  the  partition  separating  them  appeared  to  be  a 
single  membrane,  it  was  found  possible,  by  gentle  traction,  to  completely 
separate  the  two  layers  of  which  it  was  composed,  and  to  afterwards  strip 
each  membrane  off  the  amniotic  surface  of  the  placenta  as  far  as  the  point 
of  insertion  of  the  corresponding  umbilical  cord.  There  was,  however,  no 
intervening  tissue  visible  between  any  two  of  the  amniotic  sacs — a  circum- 
stance which  is  in  favour  of  the  view  that  there  were  three  germinal  areas 
or  "  inner  cell-masses  "  developed  within  a  single  ovum  (6). 

On  examining  the  uterine  surface  of  the  placenta,  it  was  seen  that  the 
cotyloxions  were  arranged  in  an  annular  manner  round  the  periphery  of  the 
organ,  and  that,  though  they  were  in  contact  with  one  another  in  the 
centre,  so  that  the  placenta  appeared  to  be  disc-shaped,  there  was  no 
vascular  communication  between  the  cotyledons  of  opposite  sides. 

On  following  the  distribution  of  the  vessels,  it  was  found  that  one  of 
the  umbilical  arteries,  and  a  main  branch  of  the  umbilical  vein  belonging  to 
the  cord  marked  An.  in  fig.  2,  were  directly  continuous  with  the  umbilical 
artery  and  umbilical  vein  of  the  smaller  cord,  Otm.,  belonging  to  the 
acardiac  foetus  or  omphalosite.  The  umbilical  vessels  of  the  acardiac  foetus 
had  therefore  no  connection  with  the  cotyledons  of  the  placenta ;  moreover, 
the  part  of  the  placenta  into  which  the  cord  of  the  omphalosite  appeared 
to  be  inserted  belonged  really  to  the  autosite.  Thus,  strictly  speaking,  the 
omphalosite  had  no  placenta ;  for  its  umbilical  vessels,  after  the  cord  had 
joined  the  placenta,  merely  ran  for  a  distance  of  between  2  and  3  inches 
beneath  the  amnion  to  the  point  of  insertion  of  the  autosite's  cord,  where 
they  became  directly  continuous  with  its  vessels,  without  having  given  off 
any  branches  to  the  neighbouring  cotyledons. 

External  Characters  of  the  Fcetus. 

The  acardiac  foetus  (fig.  3)  weighed  285  grm.  (10  oz.),  and  measured, 
when  the  legs  were  extended,  20  cm.  (8  in.).     It  was  of  the  male  sex,  and  its 
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most  noticeable  feature  was  the  complete  absence  of  the  head  and  neck ; 
the  trunk  being  expanded  above  into  a  rounded  mass  consisting  of  a  cover- 
ing of  skin,  which  was  afterwards  found  to  enclose  a  very  considerable 
thickness  of  pale,  cedematous  connective  tissue.  The  skin  generally  was 
much  creased  and  wrinkled,  this  condition  being  due  to  shrinkage  follow- 
ing the  escape  of  cedematous  fluid,  which  had  formerly  occupied  the  spaces 
in  the  subcutaneous  tissue. 

Through  the  umbilical  opening  there  protruded  some  coils  of  small 
intestine,  the  csecum  and  appendix,  and  a  small  portion  of  the  descending 
colon. 

About  1  cm.  above  the  level  of  the  umbilicus  were  two  symmetrically 
placed  hemispherical  rounded  swellings,  3  cm.  in  diameter,  and  character- 
ised by  a  central  depression,  where  the  skin  was  deeply  pigmented ;  these 
proved  to  be  the  two  breasts. 

In  the  middle  line,  3  cm.  above  the  umbilicus,  and  above  and  between 
the  two  mammary  glands,  was  a  rudimentary  right  upper  extremity,  con- 
sisting of  an  ovoid  protrusion  of  the  skin,  which  presented  in  its  upper  part 
one  well-developed  digit,  on  which  a  nail  could  be  recognised,  with  the 
rudiments  of  two  other  fingers  placed  on  each  side  of  it.  Above  and  to  the 
left  of  the  left  breast  was  the  rudimentary  left  upper  extremity,  bearing 
two  digits,  one  of  which  was  of  large  size,  and  showed  a  well-developed  nail ; 
this  appeared  to  be  the  thumb :  internally  was  a  smaller  digit,  apparently 
the  index  finger,  while  two  notches  in  the  skin  internal  to  this  probably 
indicated  the  positions  of  the  three  remaining  digits.  The  legs  were 
crossed,  and  doubled  up  underneath  the  thighs,  while  the  feet  were  in 
the  position  of  pronounced  talipes  varus.  The  three  outer  toes  of  each 
foot  were  absent. 

The  external  genitals  were  well  formed  and  appeared  normal.  The 
anal  depression,  however,  which  was  2  mm.  in  depth,  ended  blindly,  and  it 
was  found  afterwards  to  be  separated  by  about  3  mm.  from  the  blind 
extremity  of  the  rectum. 

Appearances  noted  on  Opening  the  Abdomen. 

On  opening  the  abdomen  (fig.  4),  the  single  umbilical  artery  was  seen  to 
pass  downwards  from  the  navel  to  the  right  of  the  urachus,  and  it  was  found 
afterwards  that  it  joined  the  right  internal  iliac  artery.  A  slight  fold  of 
peritoneum  on  the  left  of  the  urachus  indicated  the  position  of  an  obliter- 
ated left  hypogastric  artery.  The  umbilical  vein  ran  vertically  upwards 
in  a  fold  of  peritoneum  on  the  posterior  aspect  of  the  anterior  abdominal 
wall  towards  the  upper  part  of  the  abdominal  cavity. 
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All  those  viscera  which  are  normally  developed  in  connection  with  the 
upper  part  of  the  alimentary  canal — ^namely,  the  respiratory  organs,  the 
thyroid  and  thymus  glands,  the  liver,  gall-bladder,  pancreas  and  spleen, 
and  the  upper  portion  of  the  tube  itself,  including  the  pharynx,  oeso- 
phagus, stomach,  and  duodenum — were  absent.  The  small  intestine 
commenced  outside  the  abdomen  in  a  blind  extremity;  on  tracing  the 
gut  downwards,  a  small  Meckel's  diverticulum  was  found  about  an 
inch  and  a  quarter  from  the  ileo-c89cal  junction.  Further  downwards 
but  still  outside  the  abdominal  cavity,  were  the  csBcum  and  appendix 
vermiformis,  with  the  commencement  of  the  large  intestine,  the  whole 
being  connected  with  the  posterior  abdominal  wall  by  means  of  a 
common  mesentery.  The  part  of  the  large  intestine  within  the  abdominal 
cavity  formed  an  CO  -shaped  bend,  which  ended  blindly  in  the  lower  and 
back  part  of  the  pelvis,  in  the  usual  position  of  the  rectum.  The  rectum 
was  completely  separated  from  the  bladder,  and  was  about  3  mm. 
distant  from  the  bottom  of  the  anal  depression.  The  whole  of  the  intra- 
abdominal portion  of  the  large  intestine  was  filled  with  meconium,  and  lay 
on  the  left  side  of  the  abdomen,  in  front  of  the  left  kidney  and  suprarenal 
capsule. 

The  two  kidneys  and  suprarenal  capsules  were  well  developed,  the  right, 
however,  being  the  larger,  and  lying  in  direct  contact  with  the  anterior 
abdominal  wall ;  whereas  the  left  lay  further  back,  and  was  concealed  by 
the  CO  -shaped  bend  of  the  large  intestine.  The  two  suprarenal  bodies  were 
in  contact  with  one  another  by  their  mesial  borders,  and  at  first  sight 
appeared  to  be  a  single  organ.  A  little  dissection,  however,  was  sufficient  to 
separate  them  completely,  there  being  no  fusion  whatever  of  the  gland- 
substance.  The  ureters  appeared  normal.  The  testicles,  which  were 
situated  at  the  internal  abdominal  rings,  and  the  vas  deferens  on  each  side 
appeared  to  be  quite  normal  also. 

Vascular  System. 

A  single  main  artery,  the  abdominal  aorta,  was  situated  in  the  usual 
position,  in  front  of  the  lumbar  vertebrae  (fig.  4);  it  bifurcated  below 
into  right  and  left  common  iliac  arteries,  each  of  which  divided  into  an 
external  and  internal  iliac  branch.  The  right  internal  iliac  artery  received 
the  right  hypogastric  artery,  which  conveyed  the  blood  coming  to  the 
foetus  from  the  autosite,  by  means  of  the  single  umbilical  artery  described 
in  connection  with  the  placenta. 

The  aorta  gave  off  lumbar,  middle  sacral,  mesenteric,  spermatic,  and  renal 
arteries,  and  was  continued  upward  slightly  to  the  left  of  the  middle  line, 
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into  the  areolar  connective  tissue  lying  above  the  ccelomic  cavity ;  here  it 
bifurcated  into  two  main  vessels,  the  branches  of  which  appeared  to 
anastomose   with  tributaries  of  the  vena  cava  and  of  the  umbilical  vein. 

The  external  and  internal  iliac  veins  on  each  side  united  to  form  a 
longitudinal  trunk,  which  ran  upwards  to  the  kidney  of  the  corresponding 
side.  After  having  received  the  renal  vein,  the  trunks  joined  to  form  a 
single  vessel,  which  was  continued  upwards  in  front  of  the  vertebral 
column  parallel  with  and  to  the  right  of  the  aorta.  This  vessel,  after 
having  received  a  large  tributary  on  the  right,  bifurcated  in  the  upper  part 
of  the  thorax  into  right  and  left  branches,  corresponding  to  the  terminal 
divisions  of  the  aorta. 

The  umbilical  vein,  or  a  large  branch  of  it,  passed  upwards  from  the 
umbilicus  on  the  posterior  aspect  of  the  anterior  abdominal  and  thoracic 
walls,  where  it  broke  up  into  small  terminal  branches,  which  apparently 
anastomosed  with  the  terminal  branches  of  the  aorta.  I  am  unable  to  state 
the  course  which  was  taken  by  the  mesenteric  veins,  as  I  unfortunately 
removed  the  mesentery  with  the  intestines  at  an  early  stage  of  the 
dissection ;  a  cut  branch,  however,  which  joined  the  right  venous  trmik  just 
before  its  union  with  the  corresponding  vein  of  the  left  side  probably 
represented  their  termination  in  that  vessel,  as  a  single  trunk.  This  vessel 
would  have  corresponded  in  position  to  the  normal  "  vena  portse  "  and  the 
termination  of  the  hepatic  veins  in  the  inferior  vena  cava. 

Course  of  the  Circulation. 

The  circulation  of  blood  through  the  autosite  and  parasite  would  thus 
have  had  the  following  course : — Starting  from  the  autosite's  heart,  it  would 
have  been  propelled  by  this  through  the  body  of  the  foetus,  and  would  have 
ultimately  left  it  by  the  umbilical  arteries,  and  thus  reached  the  placenta ; 
part  of  this  blood  would  have  passed  to  the  cotyledons  of  the  placenta,  and 
part  by  the  anastomosing  placental  artery  directly  into  the  single  umbilical 
artery  of  the  smaller  cord  belonging  to  the  omphalosite  (fig.  2)  ;  by  the  con- 
tinuation of  this  vessel  within  the  body  of  the  foetus,  viz.  the  right  hypo- 
gastric artery  (fig.  4),  it  would  have  reached  the  arterial  system  of  the 
omphalosite,  and  have  thus  been  distributed  to  its  organs  and  tissues ;  from 
these  it  would  have  been  returned  to  the  placenta  by  the  umbilical  vein ; 
here,  close  to  the  point  of  attachment  of  the  autosite  s  cord,  it  would  have 
been  joined  by  the  arterialised  blood  returning  from  that  portion  of  the 
placenta  which  belonged  to  the  autosite ;  and  the  mixed  arterial  and  venous 
blood  would  then  have  been  carried  back  by  the  umbilical  vein  to  the 
autosite's  heart,  from  whence  it  started. 
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The  direction  of  the  blood-current  through  the  aorta  and  umbilical 
vessels  of  the  acardiac  foetus  would  thus  have  been  the  reverse  of  that 
which  is  present  in  a  normal  foetus ;  moreover,  the  blood  supplied  to  the 
acardiac  foetus  would  have  tirst  passed  through  the  body  of  the  autosite, 
and  thus  be  venous  in  character ;  and  furthermore,  the  venous  blood  which 
left  the  omphalosite  by  its  umbilical  vein  would  have  mingled  with  the 
arterial  blood  returning  from  the  placenta  to  the  autosite.  One  heart, 
therefore,  pumped  the  blood  through  two  foetuses  and  one  placenta ;  and 
one  placenta  sufficed  as  agent  for  the  arterialisation  of  the  blood  and  the 
nutrition  of  two  foetuses. 

Nervous  System. 

The  brain  and  the  cervical  portion  of  the  spinal  cord,  with  the  corre- 
sponding cranial  and  cervical  nerves,  were  completely  absent;  and  it  is 
noteworthy  that  the  principal  structures  which  are  normally  supplied  by 
these  nerves — namely,  the  diaphragm,  the  heart,  and  respiratory  organs ; 
the  upper  portion  of  the  alimentary  canal,  along  with  the  liver,  pancreas, 
and  spleen ;  the  sense  organs  and  structures  connected  with  them — were 
also  absent.  The  spinal  cord  and  membranes  ended  abruptly  at  the  level  of 
the  first  doraal  vertebra,  where  the  thecal  tube  appeared  to  open  out  directly 
into  the  oedematous  connective  tissue  occupying  the  position  of  the  head  and 
neck.  Below  this  point  the  cord  and  membranes,  with  the  corresponding 
nerve  roots,  appeared  normal.  The  sympathetic  nerves  in  the  lower  portion 
of  the  thorax  and  in  the  abdomen  also  appeared  normal. 

The  Skeleton. 

The  skull,  the  hyoid  bone,  and  the  cervical  vertebrae  were  completely 
absent  (fig.  5).  The  spinal  column  below  had  the  normal  number  of 
segments,  but  there  was  marked  kyphosis  in  the  upper  region  of  the 
thorax.  Of  the  twenty  presacral  vertebrae  which  were  present,  the  twelve 
upper  bore  ribs ;  the  first  ribs  were,  however,  rudimentary,  and  are  not 
visible  in  the  skiagram. 

All  the  thoracic  and  lumbar,  and  the  three  upper  sacral  vertebrae, 
showed  the  normal  primary  centres  of  ossification. 

The  sternum  was  represented  by  an  irregularly  shaped  plate  of  cartilage 
connecting  the  costal  cartilages  of  the  four  upper  ribs. 

The  shoulder  girdle  on  the  right  side  was  very  rudimentary,  consisting 
simply  of  a  plate  of  bone  surmounted  by  a  dorsal  strip  of  cartilage,  which 
represented  the  scapula  and  supra-scapular  cartilage,  and  a  fibrous  band 
connecting  this  with  the  upper  end  of  the  sternum.     On  the  left  side  the 
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scapula  was  more  fully  developed,  and  showed  a  ventral  notch,  separating 
the  acromion  process  from  the  head  and  coracoid  process.  A  small  ossified 
nodule,  representing  the  clavicle,  was  also  present.  Beyond  was  an  ossified 
humerus,  about  4  mm.  in  length,  articulating  with  a  well-developed  ulna 
25  mm.,  or  nearly  an  inch,  in  length ;  this  was  directed  horizontally  out- 
wards, and  is  well  seen  in  the  skiagram  (fig.  5) ;  there  was  no  radius,  but 
the  carpus  and  metacarpus  appeared  normal.  The  pelvic  girdle  and  bones 
of  the  lower  extremity,  with  the  exception  of  the  metatarsals  and  phalanges 
of  the  three  outer  toes  of  each  foot,  which  were  absent,  appeared  normal. 
Ossification  of  the  shafts  of  the  first  and  second  metatarsals  was  well 
established,  and  it  had  commenced  in  the  shafts  of  the  corresponding 
digits. 

Conclusions. 

Apart  from  the  question  of  etiology,  the  interest  of  this  and  similar 
cases  centres  to  a  large  extent  in  the  light  that  they  may  shed  upon  the 
early  stages  of  development,  and  more  especially  on  the  development  of 
the  larger  arteries  and  veins. 

Although  considerable  variations  as  regards  detail  are  present  in  those 
cases  of  a.cardiac  fcBtuses  which  have  hitherto  been  recorded,  there  is  a 
general  similarity  in  their  principal  characters ;  thus : — 

1.  An  acardiac  foetus  is  always  associated  with  a  twin  foetus,  whose 
heart  carries  on  the  circulation  in  both. 

2.  One  placenta  usually,  if  not  always,  serves  for  both  autosite  and 
omphalosite. 

3.  The  blood-current  through  the  main  vessels  of  the  omphalosite  is 
reversed. 

4.  The  blood  passing  to  the  omphalosite  passes  directly  to  it  from  the 
autosite  without  previously  traversing  the  capillary  system  of  the  placenta, 
and  is  therefore  venous  in  character. 

5.  The  blood  passing  to  the  autosite  through  its  umbilical  vein  is  a 
mixture  of  the  venous  blood  returning  from  the  omphalosite  with  arterial 
blood  returning  from  the  placenta. 

6.  The  tissues  of  the  acardiac  foetus  are  usually  (lidematous. 

Etiology. 

The  existing  theories  regarding  the  causation  of  omphalositic  monsters 
apparently  require  considerable  modification  in  order  to  bring  them  into 
harmony  with  modern  views.  According  to  Ahlfeld :  "  Two  healthy  em- 
bryos  develop   on  a  single  *  yolk  * ;  the  allantois  of  one  is  formed  a   few 
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hours  sooner  than  that  of  the  other ;  the  allantois  of  the  former  reaches  the 
internal  surface  of  the  primary  chorion,  and  grows  entirely  or  partly 
around  it;  the  allantois  of  the  latter  now  endeavours  to  reach  the  same 
destination.  If  the  first  has  spread  all  over  the  inner  surface  of  the 
chorion,  the  second  can  establish  no  direct  connection  with  the  chorion,  but 
must  be  inserted  in  the  first  formed  allantois ;  if,  however,  a  small  area  of 
the  chorion  remains  free,  the  second  allantois  can  establish  a  connection 
with  this  part,  whether  it  corresponds  with  the  decidua  vera  or  reflexa. 
When  the  connection  is  formed  with  the  decidua  reflexa,  the  second 
embryo  does  not  acquire  a  distinct  placenta,  but  must  utilise  the  allantois 
of  the  first  for  the  insertion  of  its  vessels ;  but  in  the  former  case,  when  the 
small  portion  of  unoccupied  chorion  corresponds  with  the  decidua  vera, 
the  second  embrj^o  gains  a  small  portion  of  the  common  placenta  for  the 
insertion  of  its  vessels.  Dependent  on  this  difference  of  arrangement  in 
early  embryonic  life,  Ahlfeld  classifies  the  omphalosites  into  *  true  *  or '  pure  * 
and  *  secondary  allantoic  parasites.' ...  In  consequence  of  the  inosculation 
of  the  umbilical  vessels  of  the  omphalosite  with  the  large  umbilical  and 
placental  vessels  of  the  autosite,  the  two  blood-currents  meet  in  opposing 
streams.  The  heart-power  of  the  first  embryo  or  autosite  being  the  greater, 
the  blood-current  of  the  second  is  reversed,  flowing  back  through  the 
umbilical  artery  to  the  trunk  and  heart,  passing  through  the  latter  as 
though  it  were  a  simple  continuation  of  the  blood-channel.  Consequently 
the  heart  atrophies  or  finally  disappears,  becoming  simply  a  passive  part  of 
the  blood-vessels  which  are  continuous  with  it.  Following  the  failure  of 
cardiac  development,  there  is  absence  or  imperfect  development  of  other 
internal  organs  and  of  important  regions  of  the  body,  as  the  head  and  upper 
extremities."^ 

Ahlfeld  thus  regards  the  defect  in  development  of  the  upper  portion  of 
the  body  in  acardiac  foetuses  as  secondary  to  a  failure  in  the  development  of 
the  heart. 

Breus,  however,  in  1882,  contended  that  "  the  acardiaci,  on  account  of  an 
early  disturbance  of  their  embryonic  development,  are  such  highly  defective 
products  of  conception  that  they  are  not  capable  of  an  independent  circula- 
tion or  of  an  intra-uterine  nutrition;  but  they  nevertheless  continue  to 
develop  and  to  grow,  because  a  supplementary  circulation  maintains  their 
tissues  in  a  living  and  growing  state.  They  are  usually  found  in  twin  ova 
along  with  a  normal  foetus,  for  under  these  circumstances,  by  anastomosis 
of  the  umbilical  vessels  of  both  foetuses,  the  vicarious  circulation  is  most 
easily  established." 

According  to  Breus,  therefore,  the  omphalosite  dies,  and  no  longer  pos- 

*  Quoted  from  account  in  Hirst  and  Piersol's  Human  Monstrosities,  p.  129. 
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sesses  an  independent  circulation.  Then  the  blood-current  of  the  autosite 
enters  the  vessels  of  the  omphalosite,  and  keeps  it  nourished  to  an  imperfect 
degree. 

The  balance  of  evidence  appears  to  be  in  favour  of  the  latter  view — 
namely,  that  the  defective  development  of  the  head  and  upper  extremities 
is  probably  primary,  or  at  any  rate  is  not  secondary  to  a  failure  in  the 
development  of  the  heart ;  and  further,  that  this  failure  in  the  development 
of  the  heart  itself  is  also  a  primary  condition,  and  not  due  to  a  reversal  of 
the  blood-current  in  one  twin  by  a  more  powerful  circulation  in  the  other. 
If  the  failure  in  the  development  of  the  head  and  upper  limbs  were  merely 
caused  by  failure  in  the  circulation,  dating  from  the  time  that  the  blood- 
current  in  the  omphalosite  was  reversed,  as  it  was  supposed,  by  the  stronger 
fnetus,  the  form  of  the  undeveloped  portions  of  tlie  acardiac  foetus  would, 
presumably,  be  that  of  a  normal  foetus  of  a  corresponding  age,  slightly 
modified  by  the  growth  of  neighbouring  parts,  which  is  certainly  not  the 
case.  Moreover,  as  Breus  himself  pointed  out,  acardiac  foetuses  would  be 
very  much  more  common  than  they  are,  if  their  production  was  dependent 
upon  the  reversal  of  a  weak  blood-current  by  a  stronger ;  for  in  all  unioval 
twins  anatomoses  between  the  vessels  of  the  two  cords  are  invariably 
demonstrable,  and  one  foetus  is  usually  better  developed  than  the  other. 
Moreover,  the  first  portion  of  Ahlfeld's  theory,  viz.  "  the  implantation  of  a 
second  allantois  within  the  first,"  does  not  coincide  with  modem  views  of 
the  formation  of  the  placenta.  A  more  probable  explanation  is  that  two 
germinal  areas  or  "  inner  cell-masses  "  are  formed  in  a  single  ovum,  each  of 
which,  after  the  formation  of  the  mesoderm,  has  its  separate  "  allantoic  "  or 
"  belly  "  stalk.  The  gi'owth  of  one  embryo  may  be  defective  from  the  very 
first,  or  possibly  the  development  of  one  embryo  may  mechanically  interfere 
with  proper  development  of  the  other.  The  extreme  variation  in  form 
of  omphalositic  monsters,  however  (in  some  of  which  the  head  only  is 
developed,  while  in  others  merely  the  lower  extremities),  indicates  that  the 
causes  of  the  defects  are  to  be  sought  for  at  a  very  early  stage  in  develop- 
ment, and  that  the  defects  themselves  are  primary  rather  than  secondary 
in  nature. 

In  the  specimen  described  in  this  paper,  the  anatomosis  which  appar- 
ently existed  between  the  branches  of  the  umbilical  vein,  with  the  two 
terminal  branches  of  the  aorta,  is  highly  suggestive  of  the  conditions  which 
are  present  in  the  early  stages  of  development  of  the  vascular  system,  when 
the  blood-stream  coming  from  the  large  veins  (which  unite  in  the  sinus 
venosus  at  the  posterior  end  of  the  heart),  after  having  traversed  this  tube, 
passes  through  the  right  and  left  anterior  ventral  aortae,  and  so  by  the 
arterial  arches  into  the  two  dorsal  aortae,  which  subsequently  unite  to  form 
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the  single  vessel  which  persists  in  the  adult  as  the  descending  thoracic  and 
abdominal  aortad. 

It  may  be  supposed  also  that  the  embryo,  having  no  cardiac  or  other 
principal  nerve-centres,  is,  with  regard  to  its  vitality,  in  a  condition  some- 
what similar  to  that  of  a  "  pithed  "  frog.  It  is  worse  off,  however,  than  a 
"  pithed  "  frog,  for  it  has  no  heart  with  valves  and  automatic  musculo-nervous 
mechanism  by  which  the  blood  can  be  propelled  through  its  vessels  in  one 
direction.  The  blood  in  the  acardiac  foetus  is  free  to  flow  in  either  direction ; 
and  thus,  since  the  blood  coming  from  the  placenta  of  the  living  foetus 
reaches  it  by  the  umbilical  artery  or  arteries,  it  must  of  necessity  flow  in 
the  aorta  and  umbilical  vein  in  the  reverse  direction  to  that  of  a  normal 
foetus.  The  circulation  thus  established  is  apparently  suflicient,  not  only  to 
maintain  the  vitality  of  the  tissues,  but  also  to  provide  nutritive  material 
for  the  growth  and  development  of  the  foetus. 
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THE  PRESENCE  OF  A  VESTIGIAL  SIXTH  BRANCHIAL  ARCH 
IN  THE  HETERODONTIDiE.  By  On^ra  A.  Merriti'  Hawkes, 
M.Sc,  Zoological  Laboratory ^  University  of  BirTningluiin. 

Amongst  existing  Elasmobranch  fishes  there  appears  to  be  only  one  genus, 
Heptanchus  {  =  Notidanu8  ciTierevs,  Cuv.),  which  has  seven  branchial 
arches,  and  only  two  genera,  Hexanchiis  ( =  Notidanus  grisetui,  Cuv.)  and 
Chlarriydosekichua,  Garman,  in  which  there  are  six  arches.  All  the  remain- 
ing Elasmobranchs  have  five  arches,  and,  so  far  as  I  have  been  able  to 
ascertain,  in  no  single  instance  is  there  any  record  of  the  existence  of  even 
a  vestige  of  additional  arches.  In  his  classical  monograph  on  the  skulls  of 
Elasmobranchs,^  Gegenbaur  makes  no  mention  of  the  presence  of  vestigial 
arches  posterior  to  the  fifth,  and  no  indication  of  any  such  structures  is 
represented  in  any  of  the  numerous  genera  whose  branchial  arches  he  has 
figured.  If,  however,  a  vestigial  sixth  branchial  arch  does  exist  in  any 
Elasmobranchs  which  normally  have  only  five  archas,  it  would  be  reasonable 
to  anticipate  that  it  might  occur  in  such  primitive  and  palsBontologically 
ancient  types  as  the  HeterodontidaB.  Having  recently  had  occasion  to 
dissect  two  species  of  this  family,  viz.  the  Califomian  species,  Gyropleu- 
rodu8  fraiicesci,  Girard,  and  the  Port  Jackson  shark,  HeterocUratus 
(Cestmcion)  phiUipi,  Blainv.,  it  was  interesting  to  find  this  expectation 
fulfilled,  inasmuch  as  both  species  possess  well-marked  remnants  of  a  sixth 
branchial  arch. 

The  fourth  and  fifth  branchial  arches  of  a  young  Oyropleurodus 
francendy  7^  inches  in  length,  are  shown  in  side  view  in  Fig.  1, 
and  it  will  be  seen  that  two  small  cartilages  (t;.a.)  are  attached  to  the  hinder 
margin  of  the  fifth  arch.  The  upper  or  more  dorsally-placed  of  the  two 
cartilages  is  attached  by  ligament  to  tlie  inner  surface  of  the  ventral 
extremity  of  the  epibranchial  element  of  the  arch,  while  the  ventral  carti- 
lage, which  is  somewhat  triangular  in  shape,  with  a  slightly  curved  apex,  is 
connected  by  ligament  with  the  preceding.  The  two  cartilages  lie  for  the 
most  part  behind  the  fifth  arch,  and  incline  obliquely  backwards  and  down- 
wards from  their  connection  with  it  above  and  in  front. 

The  identity  of  these  cartilages  as  constituent  elements  of  a  branchial 
arch  is  not  altogether  clear.     From  their  position  and  relations  with  regard 

^TJikUrtv^.  vergleich,  Anat.  d.  IVirbeUh,,  Pt  iii.  Das  Kopfskelet  d,  Selachiery  Leipzig,  1872. 
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to  the  pai-ts  of  the  fifth  arch,  it  is  somewhat  tempting  to  regard  them  as 
representing  the  ceratobranchial  and  hypobranchial  elements  of  a  vestigial 
sixth  arch.  There  is,  however,  an  objection  to  the  identification  of  the 
ventral  cartilage  as  a  hypobranchial.  The  retention  of  a  hypobranchial 
element  in  a  reduced  last  branchial  arch  is  very  unusual,  and,  as  a  rule,  it 
is  the  first  element  of  the  arch  to  undergo  suppression.     Both  in  Blasmo- 
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Fig.  1. 
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Fig.  2. 


branchs  and  Teleosts  the  reduced  fifth  arch  has  almost  invariably  lost  its 
hypobranchial  factor.  Hence  its  presence  in  the  vestigial  sixth  arch  of 
Gyrirpleurodtut  would  be  somewhat  unexpected.  It  may  therefore  be  the 
case  that  the  two  cartilages  really  represent  the  two  most  persistent 
elements  of  a  branchial  arch,  that  is  to  say,  the  epibranchial  and  cerato- 
branchial pieces. 

It  will  be  noticed  tliat  the  epibranchial  of  the  fifth  branchial  arch  has  a 
small  perforation  (Fig.  1,  ve)  about  the  middle  of  its  length.     This  aperture 
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transmits  the  external  jugular  or  anterior  cardinal  vein,  as  the  latter  passes 
ventrally  to  join  the  Cuvierian  duct,  and  probably  it  may  be  compared 
with  that  which  occurs  between  the  fourth  and  fifth  epibranchials  in 
Chiiiimy\i  tnonatrosa  and  serves  a  similar  purpose.  If  this  be  so,  the 
possibility  that  the  fifth  epibranchial  of  Gyn/pleanxhts  is  a  composite 
structure,  and  includes  also  the  epibranchial  peHaining  to  the  vestigial 
sixth  arch,  which  has  fused  with  it,  must  not  be  left  out  of  consideration. 

The  precise  identity  of  the  two  cartilages  can  only  be  definitely  deter- 
mined when  the  development  of  these  parts  has  been  satisfactorily  investi- 
gated ;  but  whatever  the  result,  there  can  be  no  doubt  that  they  represent 
portions  of  a  vestigial  sixth  branchial  arch. 

No  trace  of  a  sixth  branchial  cleft  between  the  fifth  and  sixth  arches, 
either  in  the  form  of  a  pharyngeal  pit  or  otherwise,  could  he  detected. 

The  condition  of  the  posterior  branchial  arches  in  HftrrtKlonfiis  phillipi 
is  shown  in  Fig.  2.  In  this  species  a  single  Hattened  or  leaf-like  cartilage 
{v.a.)  is  attached  to  the  distal  end  of  the  epibranchial  element  of  the  fifth 
arch,  which  apparently  corresponds  to  the  more  dorsally  situated  of  the 
two  cartilages  in  Gyropleunxhu^,  and  therefore  represents  the  sixth  arch 
in  a  still  more  reduced  or  vestigial  condition.  The  epibranchial  element  of 
the  fifth  arch  is  similar  in  both  species.  The  branchial  arches  of  a  species  of 
"  Cfstraciari "  are  figured  by  Gegenbaur  {tfp.  cit.,  Plate  xix,  fig.  3),  but  the 
vestigial  sixth  arch  is  neither  mentioned  in  the  text  nor  indicated  in  the 
figure. 

It  may  be  noted  in  passing,  that  in  the  specimens  examined  there  were  four 
basibranchial  elements  in  GynyplraroihiSy  but  only  three  in  HeterodoiiUiH. 

It  is  evident  that  we  have  an  interesting  and  continuous  sequence  of 
modifications,  beginning  with  Htpfanchu^^,  which  has  seven  functional 
branchial  arches,  passing  through  Hejc<i  iH*.h7t><  dii\A  ChJ(niiyd(>»diw]nui,  k^f^\\ 
with  six  functional  arches,  to  Gyvopleiirodiui  frauvetici  and  HetenxloiitUf< 
phiUipi,  each  with  five  functional  arches  and  one  vestigial  arch,  and  finally 
ending  with  the  more  typical  Selachii  in  which  the  five  functional  arches 
are  alone  represented. 

The  Heterodontida3  have  been  regarded  as  being  in  some  respects  inter- 
mediate between  the  Notidanidae  and  Chlamydoselachidai  on  the  one  hand, 
and  the  remaining  Selachii  on  the  other.  The  persistence  of  a  vestigial 
sixth  arch  in  two  species  belonging  to  distinct  genera  of  HeterodontidsB  is 
in  harmony  with  this  view. 

I  have  much  pleasure  in  thanking  Mr  Samuel  Garman,  of  Cambridge 
Mass.,  for  his  gift  of  a  specimen  of  Gynypleurodus  francesci,  and  Professor 
Bridge  for  affording  me  the  opportunity  of  partially  dissecting  a  specimen 
of  Heterodontus  phillipi, 
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hJj.  Bttjii  branch  ials. 

rJj.  4-5,  CeraUjbraiichiaLs  of  the  fourth  and  tifth  arches. 

eJj.  4-5.  Epi branch i;AU  of  the  fourth  and  fifth  arches. 

hJj,  4^  HvfXibranchial  of  the  fourth  arch. 

pjj,    4-5.  Conjoined  pharjngobranchials  of  the  fourth  and  fiflh  arches. 

0,0.  Vestigial  inxth  arch. 

t^e.  Foramen  for  the  transmission  of  the  anterior  cardinal  vein. 
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ON  THE  FATE  OF  THE  "T^.NIA  CLINO-ORBITALIS "  (GAUPP) 
IN  ECHIDNA  AND  IN  ORNITHORHYNCHUS  RESPEC- 
TIVELY; WITH  DEMONSTRATION  OF  SPECIMENS  AND 
STEREO-PHOTOGRAPHS.     By  Professor  J.  T.  Wilson,  Sydney, 

N.S.W.,  Australiii} 

Ix  the  primordial  cranium  of  a  "  mammary  fcntus *'  of  Echidna  of  55  cm. 
length,  Gaupp  has  described  (A  natmnische  Hefte,  No.  61,  1902,  pp.  198  f?f 
seq.)  the  occurrence  of  a  slender  cartilaginous  bar  forming  part  of  the 
parietes  of  the  brain-cavity.  Behind,  it  is  continuous  with  the  postero- 
lateral boundary  of  the  sella  turcica,  its  basal  attachment  practically  corre- 
sponding to  that  of  a  posterior  clinoid  process.  In  front,  it  passes  over, 
without  interruption,  into  the  cartilaginous  aUi  orbital  is.  It  is  of  relatively 
considerable  length,  and  it  passes  obliquely  across  the  extensive  hiatus 
which  exists  at  this  stage  in  the  lateral  wall  of  the  monotreme  chondro- 
cranium ;  though  it  is  placed  in  a  somewhat  more  medial  plane  than  the 
greater  part  of  the  periphery  of  this  hiatus.  Gaupp  has  named  this 
cartilaginous  bar  the  tcvnia  clino-orhitali'i.  As  seen  from  without,  it  serves 
to  divide  the  great  lateral  hiatus  into  a  large  "  spheno-parietal  foramen  " 
behind,  and  a  smaller  and  narrower  aperture  in  front  of  it,  to  which  Gaupp 
has  applied  the  name  of  fissura  pseudo-apt  ica.  The  latter  transmits  not 
only  the  optic  but  also  the  oculo-motor  nerve,  and  this  fact  demands,  in 
Gaupp  s  view,  its  morphological  distinction  from  a  proper  optic  foramen,  as 
well  as  the  distinction  of  its  posterior  boundary  as  a  ttenia  cli  no-orbital  is 
from  a  tcenia  metoptica,  which  in  most  mammals  forms  the  posterior 
boundary  of  the  genuine  "  optic  foramen." 

*  Read  at  the  First  International  Federative  Congress  of  Anatomy — Geneva,  August 
1905. 
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sella  turcica,  whose  margin  it  overspans,  springing  from  the  level  of  the 
elevated  darsuin  sellce  behind.  Here  it  rests  on  the  dorsal  aspect  of  the 
ophthalmic  division  of  the  trigeminus  nerve,  whose  relatively  large  size  in 
Omithorhynchus  as  compared  with  Ek^hidna  in  all  probability  conditions  the 
difference  in  the  fate  of  the  taenia  in  the  two  genera. 


EXPLANATION  OF  FIGURES- TO  BE  EXAMINED 

STEREOSCOPICALLY. 

Fig.  1.  Stereograph  (xl*5  diams.)  of  dissection  of  floor  of  cranial  cavity  of 
young  of  Echidna  of  40  mm.  skull-length.  On  the  left  side,  exposed  by  removal  of 
the  dura,  is  seen  the  tania  dino-orlntalts  of  Gaupp.  Under  cover  of  it  anteriorly, 
where  it  is  continuous  with  the  ala  orbitalis,  the  optic  and  oculo-motor  nerves 
pass  through  the  fissura  pseudo-optica. 

Fig.  2.  Stereograph  (x  1'5  diams.)  showing  portion  of  the  cranial  base  of  an 
adult  Echidna,  as  seen  in  a  wet  preparation  after  removal  of  soft  parts.  The  so- 
called  "  middle  clinoid  processes  "  of  van  Bemmelen  are  visible  as  bony  lamellce 
bounding  the  somewhat  triangidar  and  roomy  sella  turcica.  These  lamellae  are  the 
persistent  and  ossified  tamiss  clino-(irhitales.  They  are,  for  the  most  part, 
synostosed  with  the  sides  of  the  basi-sphenoid,  and  the  major  part  of  the  originally 
intervening  fiasura  pseudo-optica  has  been  practically  obliterated,  the  anterior 
portion  remaining  patent  and  transmitting  the  nerves.  Bristles  are,  however, 
inserted  in  the  specimen  through  imperfect  fissural  remains  of  the  posterior  occluded 
part  of  the  original  fissure. 

Fig.  3.  Stereograph  (x  1*6  diams.)  of  portion  of  the  cranial  base  of  an  adult 
Omithorhynchus,  as  seen  in  a  wet  preparation  after  removal  of  most  of  the  soft 
parts.  The  "  posterior  clinoid  processes,"  relatively  long  and  slender,  end  in  spicular 
extremities  continuous  with  a  white  fibrous  band — here  torn  across  on  both  sides — 
which  is  the  representative  in  the  adult  of  the  fa^tal  femia  clino-orhilalis. 
Anteriorly  this  band  is  attached  to  a  cuspidate  projection  of  the  posterior  margin  of 
the  ala  orbitalis.  The  fibrous  representative  of  the  taenia  rests  upon  the  dorsal 
aspect  of  the  bulky  ophthalmic  division  of  the  trigeminus,  which  has  been  left  in 
situ  in  the  preparation. 


NOTE  ON  THE  DEVELOPMENT   OF  THE   THYMUS   GLAND   IN 
LEPIDOSIREN  PARADOXA.     By  Thomas  H.  Bryce,i  M.A.,  M.D. 

In  a  recent  memoir  on  the  Histology  of  the  Blood  of  Lepidosiren  ^  I  have 
described  the  origin  of  the  corpuscles  at  different  stages  of  larval  life,  the 
histogenesis  of  the  spleen,  and  the  development  of  the  lymphoid  tissue  of 
the  kidney.  In  that  paper  I  made  incidental  reference  to  the  thymus  in 
the  later  stages:  in  this  communication  I  shall  deal  in  detail  with  the 
development  of  the  gland,  in  order  to  complete  the  evidence  which  the 
material  can  provide,  regarding  the  origin  of  the  lymphoid  elements  in 
this  species.  I  am  again  indebted  to  my  friend.  Professor  Graham  Kerr,  for 
kindly  giving  me  the  use  of  his  sectioned  material. 

The  thymus  glands  first  appear  in  Lepidosiren  at  a  phase  between  the 
stages  numbered  34  and  35  of  the  series.^  This  is  a  relatively  advanced 
larva,  and  the  late  appearance  of  the  gland  is  perhaps  related  to  the  peculiar 
conditions  of  the  development  of  tlie  branchial  region.  Up  to  stage  32, 
though  the  gill  region  is  overlapped  by  the  opercular  folds,  none  of  the 
clefts  are  patent.  The  future  slits  are  marked  by  solid  cords  of  yolk-laden 
hypoblast,  and  it  is  not  till  stage  33  to  34  that  actual  fissures  are  formed. 
At  stage  34  the  hyo-branchial  cleft  is  complete,  the  first  branchial  is  still 
barred  by  a  septum  between  an  outer  and  an  inner  pouch,  and  the  succeeding 
fissures  are  not  formed.  The  hyo-mandibular  cleft  is  also  a  solid  cord,  of 
which  the  two  lamellge  are  only  separated  at  the  outer  end ;  it  never 
becomes  a  complete  fissure,  and  the  epithelial  stalk  soon  disappears.  The 
hyoid  arch  overlaps  the  branchial  arches,  which  are  telescoped  within  it 
and  compressed  on  to  the  floor  of  the  pharynx.  The  clefts  are  very 
oblique,  and,  on  account  of  the  displacement  of  the  arches,  the  outer  ends 
of  the  fissures  come  to  be  ventral  in  position  in  transverse  sections  through 
the  pharynx. 

While  at  stage  34  the  hyo-branchial  clefts  are  the  only  openings  from 
the  pharynx  into  the  opercular  cavities,  at  a  later  stage  they  become 
reduced,  and  are  ultimately  obliterated  by  the  fusion  of  their  epithelial 

^  Read  at  the  First  International  Federative  Congi'ess  qf  Anatomy- -Geneva,  Aiigntt 
1905. 

2  Trans.  Roy.  Soc.  Edin.,  vol.  xli.  ]>art  ii.,  Nos.  11  and  19. 

3  See  Pmfessor  Graham  Kerr's  j>aper  on  the  External  Development  in  Trails.  Roy.  ^oc, 
B  vol.  cxcii. 
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walla.  The  third  clefts  then  become  much  wider  than  the  others,  and 
remain  lienceforward  as  the  chief  communications  between  the  phar\^lx  and 
opercular  cavities,  the  remaining  three  clefts  being  merely  short  vertical 
tissurea  in  the  floor  of  the  pliarynx. 

At  stage  35  the  first  thymus  rudiments  appear  as  solid  outgrowths  from 
the  doi-sal  ends  of  the  third  branchial  clefts — i.e.  the  clefts  between  the 
1st  and  2nd  branchial  arches  (fig.  1).     Owing  to  the  gi-eat  obliquity  of  the 


A 

AA.  I.         O 


Fio.  1. — Tliymus  bud  from  ejiLthelial  wall  of  3rd  branchial  cleft:  slaKC  ZA,  series  118  a.  Ohj. 
Zeis  ajK).  8  mm.  6  Oc.  Op.  Cav.,  ojjereular  cavity  ;  Srd  B.C.,  3rd  branchial  cleft  ;  D.A., 
dorsal  aorta  ;  E..-I,  I.,  E.A.  IT.,  atlerent  veaneU  of  1st  »nd  2iid  braiichial  arches  ;  A.A.  r., 
afferent  vessel  of  ist  arch. 

fissures  and  the  telescoping  of  the  arches,  the  biid  is  not  seen  in  transverse 
sections  until  the  actual  cleft  has  disappeared — though  the  epithelial  wall 
is  seen  passing  transversely  inwards  from  the  outer  or  operculai'  end  of  the 
fissure.  To  the  outer  side  of  each  bud  a  mass  of  muscular  fibres  is  seen 
descending  into  the  second  branchial  arch.  The  rudiment  extends  through 
16  (lO/i)  sections,  becoming  displaced  inwards  as  it  is  traced  backwards- 
first  by  the  lower  part  of  the  muscular  bundle,  and  second,  further  back  by 
a  branch  from  the  vagus  group  ganglion.  It  then  comes  to  lie  between  the 
dorsal  aort^  and  that  ganglion. 
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The  cells  of  the  rudiment  are  epithelioid  in  character,  and  rounded  or 
oval  in  shape.  They  have  a  small  protoplasmic  body,  and  the  cell  outlines 
are  difficult  to  define.  Many  mitotic  figures  occur  throughout  the  whole 
length  of  the  mass.  As  I  demonstrated  in  my  earlier  paper,  there  are 
leucocytes  in  great  numbers  in  every  tissue  of  the  body  long  before  this 
stage,  yet  in  the  two  buds  one  leucocyte  only  was  found,  and  it  belonged 
to  the  eosinophile  variety. 
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Fi(*.  2. — Thymus  i-udiraent  from  3rd  cleft  a  little  way  behind  its  place  of  origin  :  stage  35, 
series  131  c.  Obj.  Zeis  aj)0.  16  mm.  4  Oc.  Thy.^  thynms  ;  Op.  Cai\^  oj>ei'ciilar  cavity  ;  3rrf 
y^.C,  Aih  B.C.y  and  5th  B.C.,  3i-d,  4th,  and  5t.h  branchial  clefts  ;  iV.,  notochord  ;  K^.,  jugular 
vein  ;  Va.,  vagus  ganglion  ;  D.A,,  doi-sal  aorta  ;  E.A.,  elferent  vessels  {A. A.,  afferent  vessels) 
of  branchial  arches.  The  dark  j)ar tides  in  epithelium  and  in  thymus  are  grains  of  yolk 
persisting  in  the  liypoblast  and  its  derivatives. 

At  stage  35  the  gland  has  increased  in  size ;  fig.  2  represents  a 
section  of  the  rudiment  at  this  stage.  This  larva  was  fixed  in  osmic  iicid, 
and  the  remains  of  the  yolk  in  the  sections  are  stained  black.  The  yolk 
lingers  much  longer  in  the  hypoblast  than  in  the  other  tissues,  and,  as  there 
are  remnants  of  it  in  the  thymus  rudiment,  we  have  a  further  proof  that 
the  cells  are  actually  and  directly  derived  from  that  layer. 

The  chief  bud  is  derived  from  the  third  cleft ;  but  in  this  series  there 
are  traces  of  a  rudiment  from  tlie  hyo-branchial  cleft.     It  has  the  form  of 
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a  small  nodule  of  hypoblast  edls  (fig.  3)  which  extends  from  the  point 
where  the  tlasure  disappeai-s,  through  several  sections.  I  was  at  Hrst  inclined 
to  regard  it  as  merely  tlie  apex  of  the  epitlielial  wall  of  the  fissure ;  but  as 
its  relations  exactlj'  coiTespoiid  to  those  of  the  larger  rudiment  from  the 
third  cleft,  I  have  little  doubt  that  it  may  be  considered  an  actual  thymus 
bud.  It  disappoara  in  the  next  stage  and  hjis  no  part  in  the  fullj'-evolved 
gland.  Like  the  other  buds,  it  shows  its  hypohlastic  origin  by  the  yolk 
grains  included  in  its  cells. 


iitd. 


a*  6 


Fill.  3, — Svctiott  Cliroit^li  1st  bruiii^buil  arcli  and  3rd  cleft  to  show  tlijriuus  bud  from  liyo- branchial 
cleft :  stage  3S,  HerieJ"  1-31  r.     Olij,  Zeis  apo.    IS  mm.  6  Oc. 

At  stage  36  the  bud  from  tho  3rd  cleft  has  gi-own  gieatly  in  size,  llie 
eellular  mass  lies  in  the  roof  of  the  opei-cular  cavity,  and  passes  forward 
through  a  few  sections  in  front  of  its  point  of  origin,  but  it  has  no  connection 
with  the  bud  from  the  hyo  branchial  cleft :  the  piincipal  extension  is  back- 
wards. Anteriorly,  it  is  bounded  by  the  muscular  bundle  before  mentioned, 
but  behind  this,  it  extends  outwards  to  the  epithelium  of  the  opercular 
cavity,  and  then  extends  downwards  clase  to  the  surface  The  consequence 
is  that  when  the-  next  muscular  bundle  is  reached  the  gland  is  separated 
into  two  portions.  The  inner  portion  extends  inwards  dorsal  to  the  aorta, 
while  the  outer  portion  is  again  divided  into  two  lobes  by  a  nerve  from 
the  vagus  ganglion  (fig.  4).     At  this  stage  there  is  a  distinct  bud  from  the 
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4th  cleft,  and  a  possible   rudimentary  bud  from  the  5th ;    this  latter  is 
unequally  developed  on  the  two  sides,  and  later  seems  to  disappear. 

In  the  next  stage,  37,  the  gland  has  extended  considerably  backwards, 
making  its  way,  as  its  cells  proliferate,  in  the  roof  of  the  opercular  cavity, 
beyond  the  region  of  the  branchial  clefts.  Fig.  5  represents  a  section  in 
which  the  various  lobes  are  united  into  one  mass,  between  two  of  the 
muscular  bundles  descending  into  the  arches.  From  the  general  relation- 
ships it  is  fairly  clear  that  the  bud  from  the  4th  cleft  has  formed  the  lower 

And.  Cap,     \  • 


Vui.  4.  —Section  througli  branchial  region,  stage  36,  to  show   thymus  rudiment  from  3rd   cleft 
{Thy.  3)  broken  up  into  lobes,  and  rudiment  from  4th  cleft  {Thij.  4).     Obj.  Zeis  (ui.     C  Oc. 
X  160  D. 


and  inner  portion  of  the  gland.  Posteriorly  it  is  separate  from  the  main 
mass  and  forms  a  separate  lobe,  but  in  front  it  is  fused  with  the  rudiment 
from  the  3rd  cleft. 

The  bud  from  the  5th  cleft  seems  to  take  no  part  in  the  formation  of 
the  gland.  It  is  doubtful  even  whether  it  can  be  regarded  as  a  true 
thymus  bud ;  but  at  this  stage  there  is  present  on  one  side  a  small  epithelial 
body,  the  cells  of  which  are  dividing  actively,  and  which,  I  think,  probably 
belongs  to  this  category. 

Fig.  6  represents  the  gland  at  stage  38 — the  last  of  the  series — at  a  point 
where  the  mass  is  broken  up  into  lobes  by  a  muscular  bundle  and  a  nerve 
cord.     It  has  the  same  general  relations  as  at  staofe  37,  but  is  considerablv 
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,'""."."""•'  '■'■'iMlum  of  branching  cells,  nor  any  indication  of  a 
.iill,:r,.ntiution  nil<>  cortical  and  nicdullaiy  zones.  Many  of  the  cells 
ar.!  in  mitotic  i,has.-»,  and  these  figures  are  more  numerous  than  in  the 
sin-muridmg  tissues. 

Ill  the  centre  of  the  lobules  are  to  lie  noticed  a  certain  number  of  round 
(.liid  Is.hes  (fig.  li),  the  nature  of  ivhich  is  not  apparent ;  perhaps  they  are 
degeiieratol   nuclei.     Tlirougliout  the  whole  gland  there  are  only  a  few 

oile,«iyt<..».  and  tli.-so  nni  invariably  eosinophile  cells.  There  is  no  indica- 
tion of  any  conversion  of  the  epithelioid  cells  into  lymphoid  elements. 
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From  the  description   given   by   Parker  ot   the   gland   in   the   young 
Protopterua,  it  would  appear  tliat  it  is  composed  of  lymphoid  tissue ;  and  it 
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Flo.  6.  Portion  of  the  gland  nrnrked  Thij.  in  previous  figure  iiioris  hij-lily  nuigiiilitil, 
Obj,  Zeis  apo.     3  mm.  Horn.  Inimer.     6  Oc.     Stage  37,  series  187  a. 

is  much  to  be  regretted  that  the  series  of  larval  stages  of  Lepidosiren  should 
come  to  an  end  before  there  is  any  iiidicivtion  of  a  lymphoid  tvansforinatioii 
of  the  gland,  becaase  the  material  is  eminently  suited  for  a  critical  decision 
on  this  much  debated  point. 
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The  study  of  the  development  of  the  thymus  gland  involves  three 
separate  problems  : — 

1st.  Origin  and  number  of  the  primary  buds,  and  their  relation  to  the 
fully  developed  gland. 

2nd.  The  origin  of  the  reticulum,  and  the  source  of  the  lymphoid 
elements. 

3rd.  The  relation  of  the  gland  to  the  appearance  of  the  first  leucocytes. 

In  regard  to  the  first  point  my  results  support,  clearly  enough,  the 
hypoblastic  origin  of  the  primary  cellular  mass.  The  special  features  in 
the  development  of  the  branchial  region  cause  a  variation  in  the  origin  of 
the  buds  from  the  usual  type,  but  in  essentials  there  is  no  difference. 

The  buds  are  solid,  and  arise  from  the  dorsal  end  of  the  branchial  clefts. 
In  respect  that  rudiments  are  provided  by  several  clefts,  Lepidosiren  agi-ees 
with  all  the  lower  vertebrates — the  conditions  being  essentially  similar  to 
those  prevailing  in  the  Selachians,  Teleosts,  and  Urodeles,  (Dohrn,  Beard, 
and  Maurer).  In  respect,  however,  that  the  fully  formed  gland  is  derived 
only  from  the  buds  from  two  of  the  clefts,  it  differs  from  the  elongated 
mass  in  Selachians  and  Teleosts,  and  agrees  rather  with  the  gland  of  the 
amphibians,  more  especially  that  of  the  Urodeles,  in  which  the  buds  from 
the  8rd,  4th,  and  5th  clefts  share  in  the  formation  of  the  cellular  mass 
(Maurer),  while  in  the  Anura  the  bud  from  the  2nd  alone  forms  the  gland. 

This  Lepidosiren  material,  unfortunately,  provides  no  data  towards  the 
solution  of  the  second  problem.  Throughout  all  the  stages  the  cells  remain 
rounded  cells  with  oval  nuclei,  closely  packed  together,  and  they  have  no 
sort  of  resemblance  to  any  variety  of  the  leucocytes  pervading,  in  multi- 
tudes, all  the  tissues  of  the  body. 

The  third  question  is,  however,  answered  definitely  and  decisively.  The 
thymvAi  in  Lepidoalreii  luis,  up  to  an  advcivced  Icirval  stage,  ahsohitely 
nothing  to  do  mith  the  formation  of  the  leucocytes. 

It  is  most  improbable  that  different  conditions  should  prevail  in  other 
forms,  and  Hammar  in  a  recent  paper  ^  states  that  in  the  frog,  chick,  dog, 
cat,  and  man,  the  leucocytes  appear  before  there  are  lymphoid  cells  in  the 
thymus  rudiment.  Thus,  while  lymphocytes  do  not  appear  in  the  human 
thymus  till  the  third  month,  primary  "wandering  cells'*  (Saxer),  ripe 
leucocytes,  and  lymphocytes  are  present  in  the  blood  and  connective 
tissues  as  early  as  the  second  month — sparingly  in  an  embryo  of  17  mm., 
but  numerous  in  one  of  21  mm.  If  this  be  so,  this  part  of  the  problem 
of  the  thymus  narrows  itself  into  this — Do  the  hypoblast  cells  become 
converted  into  a  special  species  of  lymphoid  corpuscle  at  a  later  stage  ^ 

^  A  not.  Anzeifjcr^  vol.  xxvii.,  puits  ),  2,  3,  1905. 
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No  decisive  proof  of  this  is  yet  forthcoming  (see  Hammar,  loc.  cit.) ;  and  the 
lymphoid  elements  being  proved  antecedent  to  the  thymus  in  a  variety 
of  forms,  the  onus  of  proof  lies  with  those  who  uphold  the  theory  of 
transformation  as  opposed  to  that  of  substitution. 

Glasgow  University,  Ist  July  1905. 

Postscript — Since  the  above  note  was  written  I  have  received,  through 
the  kindness  of  Professor  Stohr,  his  recent  paper  on  the  Thymus.^  His 
views  expressed  in  that  paper  are,  up  to  a  point,  in  complete  accord  with 
my  own  results.  In  amphibians  the  leucocytes  arise  in  a  tract  along  the 
hind  kidney,  while  in  Lepidosiren  I  have  proved  that  this  is  at  any  rate 
one  site  of  origin  of  the  lymph  elements.  Further,  the  leucocytes  are 
present  before  there  is  any  indication  of  the  thymus  cells  having  lost 
their  epithelial  characters.  Taken  along  with  Hammar  s^  recent  work, 
and  my  own  researches,  we  have  thus  very  strong  reason  for  definitely 
rejecting  the  hypothesis  put  forward  by  Beard  that  the  thymus  is  the 
source  of  the  first  leucocytes.  Though  this  is  a  negative  result,  it  is  an 
important  one  in  so  far  as  it  clears  the  ground.  According  to  Stohr,  all 
the  true  leucocytes  or  lymphoid  elements  in  the  thymus  are  related 
to  the  invading  blood-vessels  and  connective  tissue ;  but  he  makes  the 
novel  suggestion  that  the  small  cells  of  the  thymus,  hitherto  regarded  as 
lymphoid  cells,  are  not  of  that  nature  at  all,  but  are  small  epithelial  cells 
derived  from  the  large  epithelial  cells  of  the  rudiment  by  division.  He 
thus  accepts  the  results  of  the  observers  who  describe  a  transformation 
of  the  original  cellular  elements  into  small  lymphxnd-like  celh,  but  saves 
the  theory  of  the  origin  of  the  true  lymphoid  elements  from  the  middle- 
layer  derivatives  by  denying  to  the  thymus  cells  kindred  with  them ;  in 
short,  the  thymus  is  an  epithelial  organ  throughout,  and  cannot  be  included 
in  the  same  category  as  the  lymphoid  organs.  In  the  light  of  Stohr 's 
paper,  I  regret  still  more  that  the  want  of  later  stages  and  of  adult 
material,  makes  it  impossible  for  me  to  follow  out  to  a  decisive  issue  this 
part  of  the  problem  in  Lepidosiren. 

*  Sitzungs-Berichte  der  Phys.-Med.  (ksellschaft  zu  IViirzburg,  8th  June  1905. 

*  Loc.  cit. 


OBSERVATIONS  ON  THE  CETACEAN  FLIPPER,  WITH  SPECIAL 
REFERENCE  TO  HYPERPHALANGISM  AND  POLYDACTYL- 
ISM.^  By  J.  Symington,  M.D.,  F.R.S.,  Professiyr  of  Anatomy, 
Queen* a  College,  Belfast. 

The  important  deviations  from  the  typical  structure  of  the  mammalian 
fore-limb  exhibited  by  all  the  Cetiicea  have  naturally  attracted  the 
attention  of  numerous  anatomists.  Of  these  deviations  the  most  interesting 
are  the  regular  occurrence  of  hyperphalangism  and  some  indications  of  a 
tendency  to  hyperdactylism. 

Although  comparatively  large  collections  illustrating  the  development  of 
the  cetacean  fore-limb  have  been  made  by  several  investigators,  especially 
by  Professor  Willy  Klikenthal,  there  are  still  numerous  and  obvious  gaps 
in  the  series  which,  owing  to  the  natural  difficulties  surrounding  the 
collection  of  such  specimens,  can  only  be  gradually  filled  up  by  everyone 
recording  any  specimens  they  may  happen  to  obtain.  No  apology,  there- 
fore, is  needed  for  a  contribution  to  this  subject,  even  although,  as  in  my 
case,  the  material  to  be  described  is  limited  in  amount. 

Some  time  ago  I  found  in  the  stores  of  the  Museum  of  this  College  a 
ffi^tal  whale  which  had  been  preserved  in  spirit.  Unfortunately  it  was  not 
labelled,  and  I  was  unable  to  ascertain  when  and  where  it  was  obtained. 
The  specimen  was  a  male,  and  measured  16*5  cm.  along  the  mid-dorsal  line 
from  the  mouth  to  the  tail ;  the  blow-hole  was  placed  on  this  line  14  mm. 
from  the  mouth.  The  dorsal  fin  had  not  yet  appeared.  The  umbilical  cord 
was  attached  7*5  cm.  behind  the  mouth. 

Both  flippers  were  removed  by  a  cut  made  at  their  attachment  to  the 
trunk,  stained  in  borax  carmine,  dehydrated,  clarified,  and  mounted  in 
Canada  balsam.  In  the  case  of  small  fcetuses  this  method  is  the  simplest 
and  best,  as  it  permits  the  outlines  of  the  various  cartilaginous  elements  to 
be  determined  with  great  clearness  when  examined  with  a  hand  lens  or 
low-power  microscope,  and  such  specimens  photograph  well  (fig.  1). 

Small  ossific  centres  were  present  in  the  shafts  of  the  radius  and  ulna,  but 
the  skeleton  of  the  flippers  distal  to  these  bones  was  entirely  cartilaginous. 

Carpiuf. — There  is  a  distinct  ulnar  pisiform  which  articulates  wit' 
first  phalanx  of  the  5th  digit  as  well  as  the  ulna.     The  radial  pisifon. 

*  Read  at  the  Fust  International  Federative  Congress  of  Anatomy — Geneva,  August 
1905. 
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absent.     The  carpus  consists  of  five  pieces:  the  proximal  row  contains  a 


Fig.  1.  —  Photogra[ih  of  tlie  doi'Bal  asjicct  of  the  Isft  tli]i|ici-  of  a  fietal  toothed  wliale. 

rauiale,  intermedium   and   uhmre,  the   distal  row  cai-palia  2  and  3.     The 

skeletal  element  articulating  with  the  distal  surface  oE  the  radiale  might 

L   XL  (THIRD   SER.    VOL.   I.) — JAN.    19(W.  10 


92  Dr  Thomaa  H.  Bryce 

walla  The  third  clefts  then  become  much  wider  than  the  others,  and 
remain  henceforward  as  the  chief  communications  between  the  pharynx  and 
opercular  cavities,  the  remaining  tlii'ee  clefts  being  merely  short  vertical 
fissures  in  the  floor  of  the  pharynx. 

At  stage  35  the  first  thymus  rudiments  appear  as  solid  outgroivths  from 
the  dorsal  ends  of  the  third  branchial  clefts — i.e.  the  clefts  between  the 
1st  and  2nd  branchial  arches  (fig.  1).     Owing  to  the  gi'eat  obliquity  of  the 


AA.  I.        O 
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I'lO.  l.^TliymuB  trad  from  epithelial  wftli  of  3ril  branchial  cleft. ;  stage  34,  aeries  118  ji.  Obj. 
Zeis  ajm.  S  mm.  B  Oo.  Op.  Cav.,  opercular  cavity  ;  3rrf  B.C.,  3rd  branchial  cleft  :  D.A., 
dorsal  aorta  ;  E..i.  l.,  E.A.  Ii..  efler^nt  veiisela  of  1st  and  2nd  brsTicIiial  arches  ;  A. A.  J., 
afferent  vesnel  of  1st  arch, 

fissures  and  tlie  telescoping  of  the  arches,  the  bud  is  not  seen  in  transverse 
sections  until  the  actual  cleft  has  disappeared — though  the  epithelial  wall 
is  seen  passing  transversely  inwards  from  the  outer  or  opercular  end  of  the 
fissure.  To  the  outer  side  of  each  bud  a  mass  of  muscular  fibres  is  seen 
descending  into  the  second  branchial  arch.  The  rudiment  extends  throiigh 
16  (10^)  sections,  becoming  displaced  inwards  as  it  is  traced  Imckwards — 
first  by  the  lower  part  of  the  muscular  bundle,  and  second,  further  back  by 
a  branch  from  the  vagus  group  ganglion.  It  then  comes  to  He  between  the 
dorsal  aorta  and  that  ganglion. 
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The  cells  of  the  rudiment  are  epithelioid  in  character,  and  rounded  or 
oval  in  shape.  They  have  a  small  protoplasmic  body,  and  the  cell  outlines 
are  difficult  to  define.  Many  mitotic  figures  occur  throughout  the  whole 
length  of  the  mass.  As  I  demonstrated  in  my  earlier  paper,  there  are 
leucocytes  in  great  numbers  in  every  tissue  of  the  body  long  before  this 
stage,  yet  in  the  two  buds  one  leucocyte  only  was  found,  and  it  belonged 
to  the  eosinophile  variety. 
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Fk;.  2.— Thymus  mdiment  from  3i"d  cleft  a  little  way  behind  its  place  of  ongin  :  stage  35, 
series  181  c.  Obj.  Zeis  apo.  16  mm.  4  Oc.  Thy.,  thymus  :  Op.  Caw,  opercular  cavity  ;  Zrd 
B.C.,  4th  B.C.,  and  5th  B.C.,  Sixi,  4th,  and  5t.h  brancliial  clefts  ;  iV.,  notochord  ;  F./.,  jugular 
vein;  Va.,  vagus  ganglion  ;  D,A,,  dorsal  aorta  ;  E.A.,  efferent  vessels  {A.A.y  afferent  vessels) 
of  branchial  arches.  The  dark  particles  in  epithelium  and  in  thymus  are  grains  of  yolk 
persisting  in  the  hypoblast  and  its  derivatives. 

At  stage  35  the  gland  has  increased  in  size ;  fig.  2  represents  a 
section  of  the  rudiment  at  this  stage.  This  larva  was  fixed  in  osmic  acid, 
and  the  remains  of  the  yolk  in  the  sections  are  stained  black.  The  yolk 
lingers  much  longer  in  the  hypoblast  than  in  the  other  tissues,  and,  as  there 
are  remnants  of  it  in  the  thymus  rudiment,  we  have  a  further  proof  that 
the  cells  are  actually  and  directly  derived  from  that  layer. 

The  chief  bud  is  derived  from  the  third  cleft;  but  in  this  series  there 
are  traces  of  a  rudiment  from  tlie  hyo-branchial  cleft.     It  has  the  form  of 
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segmentation  of  a  cartilaginous  ray  prolonged  in  a  distal  direction  from  the 
ungual  phalanx  similar  to  that  met  with  in  the  otter.  Indeed,  according 
to  Leboucq,^  this  tissue  is  not  cartilage,  but  dense  connective  tissue,  which 
extends  from  the  volar  surface  of  the  ungual  phalanx  and  from  the  flexor 
tendon  and  presents  no  indications  of  transverse  segmentation.  Ryder 
thought  that  the  first  three  phalanges  were  ossified  at  the  same  time  as  the 
carpus,  and  the  other  phalanges  at  a  later  date.  Such  certainly  was  not 
the  case  in  any  of  the  specimens  I  have  examined.  With  very  few  excep- 
tions the  bony  centres  for  the  phalanges  of  a  digit  appear  in  regular 
order  from  the  basal  phalanx  towards  the  terminal  one,  and  the  same  rule 
applies  to  the  order  in  which  their  epiphyses  appear. 

There  does  not  seem  to  be  any  satisfactory  proof  of  the  normal  occurrence 
of  more  than  three  phalanges  to  a  digit  in  any  order  of  mammals,  with  the 
exception  of  the  Cetacea.  This  diiFerence  in  number  is  associated  with  a 
marked  contrast  in  their  respective  modes  of  development,  the  morpho- 
logical significance  of  which  has  not  been  appreciated.  About  twenty-three 
years  ago  Mr  F.  A.  Dixey*^  showed  that  the  ossification  of  the  terminal 
phalanges  of  the  digits  in  the  pig,  mole,  rat,  cat,  and  human  foetus  differed 
from  that  of  the  1st  and  2nd  phalanges  of  the  digits,  and  indeed,  from  the 
long  bones  generally.     His  description  is  as  follows : — 

"  Cartilage  that  is  about  to  undergo  calcification  presents  certain 
characteristic  appearances ;  the  cells  with  their  cell  spaces  become  larger, 
flatten  out,  and  usually  show  a  tendency  to  arrange  themselves  in  parallel 
rows,  between  which,  if  the  change  has  already  been  in  progress  for  some 
time,  the  lines  of  calcification  may  be  seen  advancing.  But  whereas  in 
the  long  bones  as  a  whole,  including  the  1st  and  2nd  phalanges  of  the 
digits,  the  alteration  of  the  cartilage  cells,  followed  by  calcification 
of  the  matrix,  appears  first  in  the  centre  of  the  shaft  and  spreads  thence 
pari  passu  towards  the  two  extremities,  in  the  ungual  phalanx  it  is 
seen  to  arise  in  the  tip  or  distal  extremity  of  the  cartilage,  from  which 
point  it  spreads  gradually  backwards  towards  the  base  of  the  phalanx. 
Similarly  the  subperiosteal  deposit  of  membrane  bone  in  all  other  cases 
begins  as  a  thin  and  narrow  ring  surrounding  the  shaft  and  placed  midway 
between  the  two  extremities — that  is  to  say,  in  direct  relation  with  the  spot 
where  the  cartilage  first  begins  to  ossify ;  in  the  ungual  phalanx,  however, 

'  "  Ueber  das  Fingerskelett  der  Pinniped ier  und  der  Cetaceen"  :  AnaJt,  Aiizeiyer^  1888  ; 
and  R^suUats  du  Voyage  dn  S.  Y.  Belgica — Zoologie :  Oryanog^nie  des  FinnipMes,  I.  "  Les 
Extremitdfl,"  1904. 

2  "  On  the  Ossification  of  the  Terminal  Phalanges  of  the  Digits."  By  F.  A.  Dixey,  B.A. 
Oxon.  Communicated  by  E,  A.  Schafer.  Proceedings  of  the  Royal  Society  of  London, 
vol.  xxxi. 
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4th  cleft,  and  a  possible   rudimentary  bud  from  the  Sth ;    this  latter  is 
imequally  developed  on  the  two  sides,  and  later  seems  to  disappear. 

In  the  nest  stage.  37,  the  gland  has  extended  considerably  backwards, 
making  its  way,  as  its  cells  prolifeiate,  in  the  roof  of  the  opercular  cavity, 
beyond  the  region  of  the  branchial  clefts.  Fig.  5  represents  a  section  in 
which  the  various  lobes  are  united  into  one  mass,  between  two  of  the 
muscular  bundles  descending  into  the  arches.  From  the  general  relation- 
ships it  is  fairly  clear  that  the  bud  fvoni  the  4th  cleft  has  formed  the  lower 
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\i.  4.  —  Svctioti  tliraugli  bmiiclual  r«^on,  sto^  3tl,  to  sliow   thymus  riidiiiient  fiiim  SnI   clrfl 
(Ths.  3)  broken  up  into  l'rl)es.  and  nidimeiit  from  •Jtli  cleft  {Thv.  4).     Ohj.  Zi'is  o/i.     0  Or. 


and  inner  portion  of  the  gland.  Posteriorly  it  is  separate  from  the  main 
mass  and  forms  a  separate  lobe,  but  in  front  it  is  fu-sad  with  the  rudiment 
from  the  3rd  cleft. 

The  bud  from  the  5th  cleft  seems  to  take  no  part  in  the  formation  of 
the  gland.  It  is  doubtful  even  wliether  it  can  be  regarded  as  a  true 
thymus  bud  ;  but  at  this  stage  there  is  present  on  one  side  a  small  epithelial 
body,  the  cells  of  which  are  dividing  actively,  and  which,  I  think,  probably 
belongs  to  this  category. 

Fig.  6  represents  the  gland  at  stage  38 — the  last  of  the  series— at  a  point 
where  the  mass  is  broken  up  into  lobes  by  a  nmscular  bundle  and  a  nerve 
cord.     It  has  the  same  general  relations  as  at  stage  37,  but  is  considerably 
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The  proximal  ends  of  the  radius  and  ulna  were  covered  with  a  thin 
layer  of  cartilage  and  united  by  strong  ligamentous  tissue  to  the  humerus, 
and  their  distal  ends  had  epiphyses.  The  carpus  consisted,  as  usual,  of  five 
elements,  all  partially  ossified,  but  the  ulnar  pisiform  was  cartilaginous. 
The  phalangeal  formula  was : 

I  II  III  IV  V 

J  7  6  3  2 

The  phalanx  of  the  1st  digit  contained  a  diaphysial  centre  '8  cm.  long, 
while  the  proximal  cartilaginous  portion  measured  1*3  cm.  and  the  distal 
11  cm.,  so  that  only  one-fourth  of  the  length  of  this  phalanx  was  ossified. 
Diaphysial  nuclei  were  present  in  all  the  phalanges  of  the  2nd,  3rd, 
4th  and  5th  digits,  those  towards  the  distal  end,  however,  being  very 
small.  All  the  phalanges  were  cartilaginous  at  their  extremities,  and  the 
only  epiphysial  centres  which  had  appeared  were  those  at  the  proximal  and 
distal  ends  of  the  first  phalanx  of  the  2nd  digit.  The  terminal  phalanges 
of  the  three  middle  digits  tapered  distally,  and  showed  some  indications  of 
a  transverse  septum,  and  consequently  a  probable  additional  phalanx, 
which,  however,  was  entirely  cartilaginous.  I  am  indebted  to  my  colleague. 
Professor  Gregg  Wilson,  for  the  opportunity  of  examining  this  specimen. 

2.  Bottle-nosed  dolphin  (Tursiops  tursio). — Two  of  these  whales  were 
caught  in  Dublin  Bay  in  the  spring  of  1905.^  The  flippers  of  the  female, 
which  was  10  feet  6  inches  long,  were  secured  for  the  Dublin  Museum  of 
Science  and  Art,  and  through  the  kindness  of  Dr  Scharff  I  was  able  to 
examine  the  skeleton  in  the  fresh  condition.  These  flippers  were  about 
45  cm.  long,  measured  from  the  proximal  end  of  the  humerus  to  the  apex 
of  the  flipper.  There  were  five  carpal  bones  all  ossified,  but  the  ulnar 
pisiform  was  cartilaginous.     The  phalangeal  formula  was  : 

I  II  III  IV  V 

1  10  7  4  4 

The  phalanx  of  the  1st  digit  was  only  about  30  cm.  long.  It  possessed 
a  diaphysial  centre  and  a  proximal  epiphysis,  but  the  distal  end  was  tipped 
by  a  small  piece  of  cartilage.  The  2nd,  3rd  and  4th  digits  illustrated 
a  characteristic  feature  of  the  cetacean  hand  in  that  the  assification  of  the 
phalanges  is  most  advanced  at  the  proximal  ends  of  the  digits,  and  gradually 
becomes  less  developed  towards  the  distal  ends,  the  terminal  phalanges 
being  more  or  less  entirely  cartilaginous.  In  the  2nd  digit  the  first  six 
phalanges  have  each  a  diaphysis  and  two  epiphyses  proximal  and  distal, 
the  seventh  and  eighth  only  diaphysial  centres,  and  the  last  two  are  entirely 

*  Irish  Naturalist,  June  1905. 
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cartilaginous.  In  tlie  3rd  digit  the  first  four  phalanges  have  each  three 
bony  centres,  the  fifth  and  sixth  only  one,  that  of  the  sixth  being  very 
small,  and  the  terminal  phalanx  is  cartilaginous.  The  two  proximal 
phalanges  of  the  4th  digit  have  each  three  centres,  the  3rd  has  a  small 
diaphysial  centre,  and  tlie  minute  fourth  phalanx  is  cartilaginous.  In  the 
5th  digit  ossification  is  less  advanced;  the  first  phalanx  contains  a 
diaphysial  nucleus  and  the  remaining  three  are  cartilaginous. 


Fio.  2.— lUght  flipp«r  of  Turaiops  tursio.     VentrsI  Burface. 

Kukentlial '  has  figured  the  distal  portion  of  the  2nd  and  3rd  digits  of 
the  hand  of  an  adult  dolphin  (Delphinus  delphis)  showing  a  similar  pro- 
gressive ossification  from  apex  towards  base. 

Both  Leboucq  ^  and  Kllkenthal  *  have  found  traces  of  nails  in  young 

'  Op.  cit.,  p.  308,  fig.  41. 

'  "  Ueber  Nagel  nidi  men  te  an  der  fcetalen  Fl(it«*e  iler  Cetjioten  nnd  Sirenier,"'  Anal. 
AnzeigtT,  Bd.  1889.  '  Op.  cit.,  i>.  -Wi. 
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foetal  whales  situated  over  the  terminal  phalanges  of  the  digits,  but  these 
soon  disappear. 

If  we  assume  what  is  extremely  probable,  that  whales  have  descended 
from  some  order  of  land  mammals,  it  is  evident  that  the  disappearance  of  a 
cutaneous  appendage  to  the  ungual  phalanx  in  the  form  of  a  nail,  claw,  or 
hoof  has  been  associated  with  the  arrest  in  development  of  the  subperiosteal 
growth  of  a  bony  cap  on  the  distal  end  of  the  terminal  cartilage,  such  as 
Dixey  showed  to  be  formed  in  ordinary  mammals.  The  simple  cartilaginous 
bar  at  the  distal  end  of  the  digits  of  whales  thus  represents  the  persistence 
of  the  primitive  condition  of  ordinary  mammals.  Such  a  condition  would 
obviously  facilitate  the  development  of  additional  cartilaginous  elements  to 
adapt  the  limb  to  its  newly  acquired  function  as  a  balancing  and  steering 
organ. 

Authorities  are  by  no  means  agreed  as  to  the  number  of  phalanges 
possessed  by  the  different  members  of  the  Cetacea,  and  even  after  making 
allowances  for  discrepancies  arising  from  unsatisfactory  or  incomplete 
methods  of  examination,  it  would  appear  that  the  number  is  liable  to  con- 
siderable variation.  The  liability  to  such  variation  is  readily  understood 
when  the  developmental  history  of  the  phalanges  is  studied.  Thus,  accord- 
ing to  KUkenthal,^  the  number  of  phalanges  increases  during  early  fcetal 
life,  and  undergoes  a  subsequent  reduction  before  birth.  In  an  embryo  of 
phocoena  communis  2*5  cm.  long,  the  number  of  phalanges  in  the  digits 
from  1st  to  5th  was  3,  6,  6,  5,  3 ;  in  an  embryo  47  cm.,  3,  8,  8,  5,  3 ;  in  one 
7  cm.,  3,  9, 8,  5,  4;  and  in  another  12*7  cm.,  3,  10,  9,  5,  4.  After  this  period 
the  numbers  appeared  to  diminish,  for  in  a  foetus  68  cm.  long  the  formula 
was  2,  9,  8,  5,  2,  and  in  an  adult  2,  8,  6,  4,  2.  In  my  case  of  a  nearly  adult 
porpoise  there  was  only  one  phalanx  in  the  1st  digit,  while  according  to 
Kukenthal's  table  the  number  for  this  digit  may  be  two  or  three.  I  could 
not  satisfy  myself  of  the  existence  of  more  than  seven  phalanges  in  the  2nd 
digit,  and  Kukenthal  reckons  eight  for  the  adult.  In  the  5th  digit  he 
states  the  number  for  the  adult  as  two,  the  same  as  in  my  specimen,  but 
four  existed  in  a  young  animal  128*3  cm.  long.  It  is  extremely  probable 
that  not  only  are  there  differences  in  the  number  of  cartilaginous  segments 
which  are  formed,  but  that  also  the  subsequent  process  of  reduction  varies 
in  its  extent  and  in  the  period  of  life  when  it  occurs. 

Both  Kukenthal  and  Leboucq  have  recorded  cases  of  a  partial  longi- 
tudinal division  of  the  5th  digit  in  various  species  of  whales.  The  flippers 
of  a  toothed  whale  described  early  in  this  paper  are  very  good  examples  of 
this  condition.  Its  occurrence  is  of  special  interest  owing  to  the  evidence 
afforded  by  the  study  of  certain  fossil  reptilians,  as  in  these  animals  the  change 

1  0}).  cit,  p.  294. 
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from  a  semi-terrestrial  to  a  purely  aquatic  life  was  associated  not  only  with 
marked  hyperphalangism,  but  also  with  a  tendency  to  an  increase  in  the 
number  of  digits.  Thus  in  the  orders  of  the  plesiosaurians  there  is  exhibited  a 
gradual  transformation  of  the  limbs  into  hyperphalangeal  paddles,  but  they 
remain  pentadactyle.  In  the  ichthyosauria,  which  were  absolutely  aquatic,  not 
only  is  the  hyperphalangism  still  more  marked,  but  there  is  an  increase  of  digits 
to  six  or  more.  None  of  the  whales  present  such  a  degree  of  hyperdactyl- 
ism  as  the  ichthyosaurs.  In  the  former  it  is  only  occasionally  that  the 
5th  digit  is  found  partially  divided,  and  in  none  of  the  recorded  cases  is  it 
complete.  I  have  only  met  with  it  in  one  animal.  Through  the  kindness  of 
Mr  Old  field  Thomas  I  had  the  opportunity  of  examining,  in  the  stores  of  the 
South  Kensington  Natural  History  Museum,  the  following  foetal  specimens: — 
Two  white  whales,  four  lagenorhynchi,  and  two  globiocephali,  and  in  none 
of  them  did  I  recognise  any  evidence  of  this  condition.  I  have  in  my  pos- 
session the  flippers  of  a  small  fcptal  white  whale,  mounted  in  balsam.  The 
5th  digit  exhibits  no  traces  of  a  longitudinal  division,  but  its  first  phalanx 
(metacarpal)  is  broader  than  those  of  the  other  digits.  In  twelve  toothed 
whales,  ten  fcBtal  and  two  more  or  less  fully  grown,  which  I  have  examined, 
only  one  exhibited  a  tendency  to  a  longitudinal  splitting  of  the  5th  digit. 
So  far,  therefore,  as  one  is  justified  in  expressing  an  opinion  from  such  a 
limited  number  of  observations,  it  would  appear  that  the  evolution  of  an 
additional  or  sixth  digit  is  still  in  a  very  elementary  stage  in  these  animals. 


NOTE  ON  THE  ELASTIC  TISSUE  IN  THE  EYE  OF  BIRDS.^  Bjr 
E.  Wage  Carlier,  M.D.,  F.R.S.K,  etc.,  Professor  of  Physiology  in 
the  Univer'sity  of  B  iteming f tarn. 

Part  II. 

House  Sparrow — Passer  domesticus. 

Descemet's  membrane  is  very  thin,  and  feebly  stained.  In  the  sclerotic, 
elastic  tissue  is  abundant  and  begins  high  up — even,  perhaps,  in  the  rim  of 
the  cornea.  The  fibres  form  networks  that  run  from  before  backwards 
throughout  the  inner  half  of  the  sclerotic  coat:  slightly  further  back 
another  mass  of  fibres  arises  that  passes  off  into  the  conjunctiva,  leaving  the 
outer  part  of  the  sclerotic  free  from  elastic  tissue.  On  the  inner  aspect  the 
elastic  network  does  not  extend  far  backwards,  but  slopes  away  inwards  to 
run  down  the  inner  surface  of  the  sclerotic. 

The  elastic  fibres  crossing  the  angle  are  very  fine  and  numerous,  almost 
filling  it ;  they  pass  over  to  the  ciliary  ground  plate,  where  they  unite  with 
a  network  of  fine  arcuate  fibres  interspersed  with  pigment  cells.  From 
this  network,  elastic  fibres  run  into  the  ciliary  processes  in  some  number ; 
others  run  into  the  base  of  the  iris,  where  they  end ;  many  run  back- 
wards along  the  choroid  to  the  elastic  tendon  of  insertion  of  the  ciliary 
muscle,  with  which  they  blend. 

The  ciliary  muscle  arises  from  practically  non-elastic  tissue  and  passes 
to  its  insertion  into  a  bundle  of  coarse  elastic  fibres,  which  can  be  traced  in 
the  choroid  to  the  level  of  the  ora,  where  they  terminate  by  blending  with 
the  fine  fibres  surrounding  the  choroidal  vessels ;  it  is  also  inserted  into  the 
sclerotic  by  a  long  branch  which  contains  rather  more  fibres  than  that 
ending  in  the  choroid — the  insertion  is  into  the  perichondrium  of  the 
inner  surface  of  the  cartilage  cup,  as  usual. 

The  conjunctiva  is  also  very  elastic. 

This  eye,  for  its  size,  contains  much  elastic  tissue. 

The  Chaffinch — Fringilki  cvdebs, 

Descemet's  membrane  is  reduced  to  a  mere  line,  and  is  faintly  stained. 
From    the   inner   half   of   the   corneo-scl erotic  junction,  and  from  the 

^  The  figures  referred  to  in  the  text  accoinpiiiiy  Part  I.  of  this  ])a}^r,  which  was  publi?»he(l 
in  the  last  number  of  the  Journal  (Oct.  1905). 
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corneal  tissue  immediately  in  front  of  it,  numerous  fine  elastic  fibres  spring 
to  run  backwards ;  numerous  at  first,  they  very  soon  decrease  in  number, 
and  almost  disappear  at  the  level  of  the  origin  of  the  pectinate  ligaments. 
The  elastic  fibres  that  cross  the  angle  take  origin  from  a  narrow  network 
of  coarse  fibres  that  start  at  the  termination  of  Descemet's  membrane, 
increase  in  number,  and  extend  backwards  to  the  level  of  the  posterior 
border  of  Schlemm's  canal ;  they  do  not  enclose  this  canal,  there  being  only 
a  few  longitudinal  and  very  thin  elastic  fibres  in  the  sclerotic  coat  external 
to  it.  Most  of  the  fibres  that  enter  into  the  formation  of  this  coarse  net- 
work have  a  circular  course. 

The  fibres  crossing  the  angle  are  coarse,  and  pass  to  the  ciliary  ground 
plate,  where  they  quickly  disappear  among  the  pigment  cells.  The  ground 
plate  contains  only  a  very  faint  elastic  network,  long  strands  from  which 
run  backwards  towards  the  choroid ;  no  fibres  appear  to  reach  the  iris  from 
any  direction. 

The  ciliary  muscle  takes  origin  from  non-elastic  fibres,  and  ends,  as  usual, 
in  an  elastic  tendon  that  divides  into  two  branches — a  small  one  going  to 
the  sclerotic,  and  a  larger  one  reaching  to  the  level  of  the  ora  serrata,  where 
it  practically  disappears. 

The  elastic  fibres  of  the  conjunctiva  are  few  and  thin ;  they  have  a 
longitudinal  course  under  the  epithelium. 

The  Goldfinch — Frhigilla  carduelia.    (Fig.  4.) 

In  this  bird  Descemet  s  membrane  is  very  thin  and  almost  invisible. 
The  elastic  fibres  of  the  sclerotic  arise  from  the  inner  half  of  its  junction 
with  the  cornea ;  they  are  few  in  number,  and  pass  backwards  in  the  loose 
connective  tissue  from  which  the  ciliary  muscle  springs.  Along  the  inner 
margin  of  the  sclerotic  are  many  somewhat  coarse  elastic  fibres  circularly 
arranged;  they  extend  backwards  as  a  thin  layer  to  beyond  Schlemm's 
canal,  where  all  trace  of  them  becomes  lost,  but  the  dense  sclerotic  tissue 
between  the  bony  ring  and  the  ciliary  muscle  is  full  of  small,  circular, 
scattered  elastic  fibres  that  disappear  from  it  at  the  level  of  the  rim  of  the 
cartilage  cup. 

The  elastic  fibres  that  cross  the  angle  are  coarse  for  such  a  small  eye, 
and  few  in  number;  they  pass  to  the  ciliary  ground  plate,  where  they 
become  lost  amongst  the  pigment  cells.  A  few  fibres  from  the  network  in 
the  ground  plate  pass  forwards  to  enter  the  base  of  the  iris ;  others  pass 
backwards  along  the  choroid  towards  the  tendon  of  insertion  of  the  ciliary 
muscle,  in  which  they  end.  The  elastic  fibres  of  this  tendon  mostly  end  in 
the  choroid,  though  a  few  short  ones  run  towards  the  cartilage  cup,  in    he 
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I 
periosteum  of  which  they  terminate.     The  conjunctiva  and  the  tissue  outside 
the  eyeball  contain  many  elastic  fibres. 

I 
The  Skylark — AUmda  arvenm-H, 

The  membrane  of  Descemet  is  thin,  and  terminates  abruptly.  Elastic 
fibres  make  their  appearance  in  the  sclerotic  at  its  junction  with  the 
cornea;  they  lie  chiefly  in  its  inner  half,  and  most  of  them  run  antero- 
posteriorly ;  they  may  be  traced  in  the  sclerotic  as  far  as  the  hinder  border 
of  the  canal  of  Schlemm,  and  lie  external  i-o  it. 

Coarse,  circular,  elastic  flbres  are  found  along  the  inner  margin  of  the 
sclerotic ;  starting  from  the  termination  of  Descemet's  membrane  they  are 
scattered  in  a  narrow  band  that  extends  backwards  along  the  inner  border 
of  Schlemm's  canal,  and  finally  disappear  just  posterior  to  it. 

The  fibres  crossing  the  angle  are  coarse  for  such  a  small  bird ;  they  are 
directed  backwards  and  inwards  towards  the  ciliary  ground  plate  only,  none 
apparently  running  forwards  to  the  iris,  which,  however,  contains  a  few 
thin  elastic  fibres  at  its  base  that  are  derived  from  the  network  in  the 
ground  plate.  The  elastic  network  of  the  ground  plate  is  by  no  means  a 
rich  one,  and  is  much  obscured  by  pigment  cells ;  from  it,  in  addition  to 
those  going  to  the  iris,  a  few  fibres  pass  into  the  ciliary  processes,  whilst 
others  run  backwards  to  the  choroid,  in  which  they  end.  They  are  very 
thin  and  inconspicuous. 

The  ciliary  muscle  arises  from  white  fibres  amongst  which  no  elastic 
fibres  can  be  seen,  and  passes  backwards  to  be  inserted  into  a  coarse  fibred 
elastic  tendon  that  divides  into  a  long  branch  ending  in  the  choroid  at  the 
level  of  the  ora,  after  thinninij  off  considerablv,  and  into  a  shorter  one 
consisting  of  comparatively  few  fibres  that  unite  with  the  perichondrium 
of  the  cartilage  cup. 

The  Swallow — Hiriimlo  rmticns. 

Descemet's  membrane  is  distinctly  elastic  in  nature,  and  splits  posteriorly 
into  fibres  that  help  to  form  the  network  on  the  inner  surface  of  the 
sclerotic.  The  elastic  fibres  of  the  sclerotic  begin  well  forward  from  the 
inner  half  of  its  junction  with  the  cornea ;  at  first  they  are  all  circular, 
but  soon  become  intermingled  with  arcuate  fibres,  the  number  of  which 
increases  whilst  the  circular  ones  become  fewer  and  fewer;  they  extend 
throughout  the  whole  breadth  of  the  inner  half  of  the  sclerotic  and  uniU^ 
with  a  band  of  thick  circular  fibres  along  its  inner  edge,  and  Schlemm's 
canal,  which  is  of  large  size,  is  encircled  by  them.  The  broadest  of  these 
fibres  lie  on  the  inner  side  of  the  canal,  beyond  which   they  soon  cease, 
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though  many  fine  circular  elastic  fibres  continue  to  be  present  between 
the  white  ones  as  far  backwards  as  the  level  of  the  bony  plates. 

Very  many  elastic  fibres  cross  the  angle,  almost  filling  it;  they  pass 
to  the  ciliary  ground  plate,  which  is  thin  and  furnished  with  an  elastic 
netw^ork  only  in  its  outer  part,  from  which  a  few  run  forwards  to  the 
base  of  the  iris,  and  others  are  directed  backwards  in  the  choroid  to  the 
insertion  of  the  ciliary  muscle;  but  no  fibres  for  the  ciliary  process  are 
given  off  from  it. 

The  tissue  from  which  the  ciliary  muscle  springs  contains  some  elastic 
fibres,  and  the  muscle  passes  backwards  to  end  in  the  usual  elastic  tendon. 
The  conjunctiva,  and  the  sclerotic  immediately  adjacent  to  it,  are  full  of 
elastic  fibres  that  have  a  circular  course. 

The  Blue-tit — Parus  ccRiruXeus. 

Descemet's  membrane  is  practically  absent  from  the  eye  of  this  bird. 

Elastic  fibres  begin  on  the  inner  surface  of  the  sclerotic  at  its  junction 
with  the  cornea,  and  pass  backwards  in  the  form  of  a  narrow  network 
internal  to  the  fibres  of  origin  of  the  ciliary  muscle.  For  so  small  an  eye 
the  elastic  fibres  are  thick,  run  an  oblique  or  circular  course,  and  can  be 
traced  past  the  canal  of  Schlemm  to  a  point  beyond,  situated  a  distance 
equal  to  its  antero-posterior  diameter.  The  elastic  fibres  crossing  the 
angle  spring  from  this  network. 

A  few  arcuate  elastic  fibres  are  present  among  the  fibres  of  origin  of 
the  ciliary  muscle,  which  is  of  considerable  size,  and  passes  backwards 
to  be  inserted  into  an  elastic  tendon  which  bifurcates  behind  into  a  very 
thin  external  strand  that  passes  to  the  sclerotic  cartilage,  and  a  thicker 
one  that  runs  in  the  choroid  to  the  level  of  the  ora,  where  it  suddenly 
diminishes  in  size  to  a  few  fibres  which  join  the  choroidal  vessel  walls. 
The  outer  part  of  the  sclerotic  is  entirely  devoid  of  elastic  tissue. 

The  Wren — Troglodytes  vulgarw. 

The  posterior  corneal  lamina  is  very  thin  and  faintly  stained.  The 
elastic  fibres  of  the  sclerotic  arise  along  the  inner  two-thirds  of  the 
oblique  line  that  marks  its  junction  with  the  cornea;  they  are  arranged 
as  inwardly  directed  lines  of  circular  fibres  of  medium  size,  which  extend 
to  the  level  of  the  most  anterior  fibres  of  origin  of  the  ciliary  muscle. 
Thereafter  they  are  succeeded  by  a  network  of  coarse  elastic  fibres  lying 
on  the  inner  surface  of  the  sclerotic,  and  extending  backwards  for  a  short 
distance  only;  from  this  network  the  fibres  of  tlie  pectinate  ligaments 
spring. 
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Many  elastic  fibres  are  present  in  the  white  fibrous  tissue  from  whicli 
the  ciHary  muscle  takes  origin,  and  a  few  accompany  its  fibres  for  some 
little  distance.  The  elastic  tendon  of  insertion  of  the  muscle  is  thick  for 
such  a  small  bird,  and  bifurcates  posteriorly  into  two  almost  equal  bundles 
— the  one  passing  to  the  choroid,  and  the  other  becoming  inserted  into  the 
perichondrium  of  the  sclerotic  cup. 

The  tissues  around  the  eyeball  are  full  of  elastic  fibres  that  form  a  tliin 
felted  layer  around  it. 


The  Wild  Duck — AnafiboHca^s. 

In  all  probability  the  membrane  of  Descemet  is  not  elastic,  but  near  its 
termination  posteriorly  a  thin  thread  of  elastic  tissue  lies  between  it  and 
the  cornea.  From  this  thread  a  network  of  fibres  springs  which  runs 
backwards,  and  from  this  the  elastic  fibres  crossing  the  angle  mostly  arise ; 
they  pass  through  the  ciliary  ground  plate  to  end  in  the  processes  just 
external  to  the  uvea.  In  front  of  these  are  the  pectinate  ligaments  that 
pass  across  to  the  iris ;  they  consist  of  white  fibrous  tissue  intermingled 
with  elastic  threads,  and  fuse  with  that  of  the  iris. 

In  the  gi-ound  plate,  the  ela.stic  fibres  of  the  angle  come  into  relation 
with  other  coarse  elastic  fibres  that  have  a  circular  direction,  forming  with 
them  a  network  that  can  be  traced  backwards  towards  the  choroid,  in 
which,  after  becoming  much  less  numerous,  they  end  in  relation  to  the 
tendon  of  insertion  of  the  ciliary  muscle. 

The  sclerotic  external  to  the  canal  of  Schlemm  and  ciliary  muscle  con- 
tains only  a  few  very  fine  elastic  fibres  mingled  with  the  white  ones,  most 
of  which  take  an  oblique  course  round  the  eyeball,  and  are  so  fine  that 
a  ^  objective  is  needed  to  see  them.  They  do  not  extend  very  far 
backwards. 

The  ciliary  muscle  arises  from  white  fibrous  tissue  containing  many  fine 
elastic  threads  and  is  inserted  chiefly  into  the  choroid  by  a  rather  thin 
elastic  tendon,  the  fibres  of  which  can  be  traced  on  the  outer  side  of  the 
choroidal  vessel  as  far  back  as  the  ora;  a  few  fibres  only  pass  into  the 
sclerotic  to  unite  witli  the  perichondrium  of  its  cartilage  cup.  The  con- 
jimctiva  contains  many  elastic  fibres. 

This  night  flying  bird  has  very  little  elastic  tissue  in  its  eyeball  when 
compared  with  the  chick  or  the  pigeon,  probably  because  elastic  tissue  is 
only  essential  when  strong  positive  accommodation  is  frequently  resorted 
to,  which  is  not  the  case  with  this  bird,  for  it  obtains  its  food  from  the  mud 
of  pools  and  rivers  rather  by  feel  than  by  sight. 
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The  Common  Gull — Larus  canns.    (Fig.  5.) 

Descemet's  membrane  is  elastic  throughout  and  thickened  posteriorly  to 
double  its  breadth ;  it  breaks  up  into  fibres  that  unite  with  a  network  of 
coarse  fibres  lying  along  the  inner  surface  of  the  sclerotic  and  extending  to 
beyond  Schlemm's  canal. 

From  the  corneo-sclerotic  junction  along  its  whole  breadth,  and  even 
from  the  corneal  tissue  in  front  of  it,  elastic  fibres  having  a  circular  course 
make  their  appearance  in  considerable  number,  and  continue  to  pervade  the 
sclerotic  between  the  ciliary  muscle  and  the  bony  plates  as  far  backwards 
as  the  anterior  margin  of  the  cartilage  cup,  along  the  outer  surface  of 
which  they  intermingle  with  arcuate  fibres  of  the  same  nature  that  reach 
to  the  back  of  the  eyeball. 

The  elastic  fibres  crossing  the  angle  spread  out  considerably ;  the  most 
anterior  consists  of  single  thin  fibres  or  of  bundles  of  them  covered  with 
endothelium,  and  pass  to  the  iris,  into  which  they  penetrate,  and  in  which 
they  may  be  traced  for  some  distance  just  beneath  the  anterior  epithelium. 
The  other  fibres  which  do  not  crowd  the  angle  pass  across  it  to  the  ground 
plate  of  the  ciliary  processes,  where  they  merge  with  its  elastic  network ; 
this  consists  chiefly  of  somewhat  scattered  arcuate  fibres  with  pigment 
cells  between  them,  and  from  it  some  fibres  paas  into  the  processes,  whilst 
others  enter  the  base  of  the  iris,  and,  running  forwards  in  it  for  some  little 
distance,  diverge  from  one  another  to  make  room  for  many  coarse  circular 
elastic  fibres  that  make  their  appearance  between  them  ;  others  run  back- 
wards in  the  choroid,  become  attenuated  in  their  course,  and  finally  end  by 
merging  with  the  tendon  of  insertion  of  the  ciliary  muscle. 

The  muscle  arises  in  non-elastic  tissue  and  is  inserted  into  a  thick  elastic 
band,  fibres  from  which  extend  forwards  for  some  distance  along  the  muscle 
fibres.  Nearly  all  the  fibres  of  the  tendon  end  in  the  choroid;  they  lie 
external  to  the  vessels,  with  the  walls  of  which  they  gradually  become 
united,  to  disappear  entirely  at  the  level  of  the  ora ;  a  few  fibres  pass  to  the 
sclerotic,  where  they  end  in  the  perichondrium. 

The  Tern — Sternia  Jluviatilis. 

Dcvscemet's  membrane,  which  is  thick,  is  only  slightly  stained,  and  is 
succeeded  by  a  thin  elastic  net  that  runs  backwards  on  the  inner  surface  of 
the  sclerotic.  In  the  sclerotic  are  many  circular  fine  elastic  fibres  which 
extend  between  the  bony  plates  and  the  muscle  to  the  level  of  the  cartilage, 
where  they  end. 

The  elastic  fibres  croasing  the  angle  spring  from  the  coarse  network,  are 
few  in  number,  and  do  not  crowd  the  angle.     Some  reach  the  base  of  the  iris, 
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where  they  end ;  the  others  go  to  the  ground  plate,  where  they  merge  with 
the  somewhat  numerous  elastic  fibres  in  it.  From  this  a  few  fibres  enter  the 
processes,  and  others  run  backwards  in  the  choroid  to  the  tendon  of  insertion 
of  the  ciliary  muscle. 

Some  of  the  fine  elastic  fibres  present  in  the  tissue,  from  which  the 
ciliary  muscle  takes  origin,  are  continued  along  the  muscle  fibres  for  a  short 
distance.  The  elastic  tendon  into  which  the  muscle  is  inserted  splits  into 
two  almost  equal  strands  to  end — the  one  in  the  perichondrium  of  the 
sclerotic  cup,  the  other  in  the  choroid,  in  which  it  may  be  traced  to  the 
level  of  the  ora. 

The  conjunctiva  contains  only  a  moderate  amount  of  elastic  tissue. 

The  Budgerigard. 

The  posterior  lamina  is  elastic  throughout,  and  unites  posteriorly  with 
the  fibres  in  the  angle. 

From  the  inner  half  of  the  corneo-sclerotic  junction  some  elastic  fibres 
arise  that  pass  backwards  in  the  loose  tissue  from  which  the  muscle 
springs.  On  the  inner  surface  of  the  sclerotic  are  many  closely-packed 
elastic  fibres  that  have  a  circular  course  and  extend  backwards  in  a 
narrow  layer  that  opens  out  to  enclose  Schlemm's  canal,  the  fibres  on  the 
inner  side  of  which  are  circular,  whilst  those  on  its  outer  aspect  are  thin 
and  directed  backwards.  The  tissue  also  between  the  muscle  and  the 
bony  plates  is  full  of  fine  scattered  circularly  running  elastic  fibres,  that  can 
be  traced  as  far  back  as  the  lip  of  the  cartilage  cup. 

The  elastic  fibres  that  cross  the  angle  are  numerous  though  not 
crowded :  a  few  pass  to  the  base  of  the  iris,  and  run  up  in  it  just  external 
to  the  uv'ea ;  the  others  pass  into  the  ground  plate  and  through  it  into  the 
ciliary  processes,  which  contain  many  fibres.  The  network  of  the  ground 
plate  is  full  of  pigment  cells ;  it  passes  forwards  to  the  iris  base,  and  back- 
wards in  the  choroid  to  the  tendon  of  insertion  of  the  ciliary  muscle. 

The  muscle  arises  from  the  loose  white  fibrous  tissue  on  the  inner  aspect 
of  the  sclerotic  and  is  inserted  into  the  usual  elastic  tendon,  all  the  fibres  of 
which,  with  the  exception  of  a  few  that  end  in  the  sclerotic,  run  on  the 
outer  aspect  of  the  choroid,  and,  gradually  becoming  less  numerous,  finally 
end  at  the  level  of  the  ora  serrata. 

The  conjunctiva  contains  many  small  circular  fibres,  whilst  the 
connective  tissue  outside  the  sclerotic  has  but  few. 

Of  all  vertebrates  the  Sauropsida  alone  possess  striped  muscle  fibres 
within  the  eyeball,  which  by  their  powerful  and  rapid  contraction  permit 
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of  the  change  from  negative  to  positive  accommodation  to  take  place  very 
suddenlv:  but  at  the  same  time  a  certain  amount  of  shock  must  W 
imparted  to  the  delicate  structures  within  the  globe,  which  might  interfere 
with  clearness  of  definition  were  not  some  means  provided  of  absorbing  it 
and  of  converting  the  sudden  pull  of  the  muscle  on  the  choroid  into  an 
even,  continuous  strain,  which  is  effected  by  a  great  increase  in  the  amomit 
of  elastic  tissue  within  the  eye.  When  compared  with  the  eyes  of  other 
vertebrates,  that  of  the  bird  is  seen  to  contain  an  enormous  quantity  of 
elastic  fibres  and  to  be  provided  with  a  special  elastic  tendon  for  the 
insertion  of  the  ciliary  muscle :  this  is  also  present  to  some  extent  in  lizards, 
bat  no  trace  of  such  an  arrangement  can  be  found  in  fishes,  amphibia,  and 
mammals. 

In  most  birds  the  membrane  of  Descemet  stains  deeply  with  \Veigert*s 
elastic  stain,  and  therefore  consists  mainly  of  elastin ;  but,  in  a  few  cases, 
only  that  part  of  it  which  is  in  contact  with  the  cornea  stains  at  all  deeply, 
the  remainder  being  very  pale  or  even  not  stained  at  all,  in  which  it 
resembles  the  posterior  lamina  in  most  mammals.  When  traced  backwards, 
the  deeply-stained  part  splits  into  a  number  of  elastic  fibres  that  unite  with 
others  derived  from  the  inner  half  of  the  sclerotic  to  form  a. conspicuous 
elastic  network,  which  extends  along  the  inner  surface  of  the  sclerotic  from 
its  junction  with  the  cornea  to  the  posterior  border  of  the  canal  of 
Schlemm.  From  this  network  coarse  elastic  fibres  pass  across  the  angle  to 
become  last  in  the  ciliary  ground  plate,  where  they  come  into  relation  with 
another  similar  though  less  conspicuous  network. 

Of  the  fibres  that  cross  the  angle,  some  are  very  thick  and  run  singly  ; 
others,  which  are  thinner,  unite  together  to  form  bundles  of  varying  thick- 
ness; all  are  covered  with  endothelium,  and  have  the  spaces  of  Fontana 
between  them.  The  pectinate  ligaments  of  birds,  therefore,  mainly  consist 
of  elastic  tissue,  whereas  in  mammals  they  usually  consist  of  white  fibres 
upon  which  lie  thin  elastic  threads  in  varying  quantity.  Birds  that  feed 
by  picking  up  small  particles  from  the  ground,  or  from  the  bark  of  trees 
and  shrubs,  possess  large  ciliary  muscles,  as  they  require  to  use  strong, 
positive  accommodation  to  enable  them  to  see  their  food  clearly  at  so  short 
a  distance,  and  in  them  the  pectinate  ligaments  are  thick,  numerous,  closely 
packed  together,  and  in  some  cases  they  quite  fill  the  angle. 

In  many  birds  the  most  anterior  pectinate  ligaments  pass  to  the  base  of 
the  iris,  where  they  seem  to  end  quite  suddenly ;  in  a  few  cases,  however, 
they  can  be  traced  in  it  for  some  little  distance,  but  in  all  birds  the  iris 
may  be  said  to  be  practically  devoid  of  elastic  tissue,  other  than  that  in  the 
blood-vessel  walls,  except  at  its  base.  Of  the  pectinate  ligaments  that  go 
to  the  ground  plate,  some  appear  to  run  through  it  to  end  in  the  tips  of  tlic 
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ciliary  processes,  which  is  especially  the  case  in  ground-feeding  species ; 
other  birds  would  appear  to  have  little  or  no  elastic  tissue  in  these  pro- 
cesses. From  the  elastic  network  in  the  ground  plate,  which  varies  much 
in  amount  in  different  birds,  fibres  pass  forwards  to  end  in  the  base  of  the 
iris,  and  others  pass  backwards  in  the  choroid  to  mingle  with  the  fibres  of 
the  elastic  tendon  of  insertion  of  the  ciliary  muscle. 

The  outer  part  of  the  sclerotic  as  a  rule  contains  few  elastic  fibres,  and 
those  present  are  very  fine.  In  some  birds,  however,  they  are  numerous, 
and  may  be  traced  backwards  to  the  level  of  the  anterior  edge  of  the 
cartilage  cup,  or  even  further ;  most  of  these  fibres  have  a  circular  course. 
Between  the  ciliary  muscle  and  the  bony  plates,  fine  circular  elastic  fibres 
are  present  in  some  birds  but  not  in  all,  and  are  always  somewhat  scattered 
and  inconspicuous. 

The  ciliary  muscle  which  always  springs  from  white  fibrous  tissue, 
amongst  the  fibres  of  which  there  may  be  some  elastic  threads,  invariably 
ends  in  a  conspicuous  bundle  of  somewhat  coarse  elastic  fibres  that 
bifurcates  povsteriorly  to  be  inserted,  the  one  part  into  the  choroid,  and  the 
other  into  the  perichondrium  of  the  inner  surface  of  the  sclerotic  cartilage 
cup  (fig.  8).  These  two  divisions  vary  considerably  in  relative  thickness ; 
in  ground-feeding  birds  the  sclerotic  bundle  is  often  as  big,  or  even  bigger, 
than  that  entering  the  choroid,  and  no  doubt  plays  an  important  role  in 
their  economy ;  in  other  birds  the  choroidal  portion  is  usually  much  the 
bigger,  and  in  some  cases  the  sclerotic  strand  may  be  reduced  to  a  few 
fibres  only.  When  the  muscle  contracts,  both  these  bands  will  be  simul- 
taneously* put  on  the  stretch:  the  one  passing  to  the  choroid  will  draw  that 
structure  forwards  with  an  even,  non-jerky  pull,  thus  allowing  of  rapid 
and  strong  positive  accommodation ;  but  the  band  passing  to  the  sclerotic, 
not  being  able  to  draw  the  cartilage  forwards,  will  be  put  more  and  more 
on  the  stretch  as  the  muscle  shortens,  and  will  act  as  a  spring  with  a  fixed 
point  behind  by  which  negative  accommodation  may  be  instantly  restored 
the  moment  the  muscle  ceases  its  contraction,  and  is  a  much  more  efficient 
mechanism  for  this  purpose  than  that  possessed  by  any  other  animal. 

One  need  only  watch  a  sparrow  or  a  robin  when  feeding  on  the  ground 
to  be  convinced  of  the  paramount  importance  to  these  birds  of  the  quick 
re-establishment  of  negative  accommodation,  suiTounded  as  they  are  by 
lurking  and  active  foes  that  spring  upon  their  prey  from  a  distance,  and 
from  which  they  could  not  hope  to  escape  did  they  not  perceive  them  in 
time  to  take  wing ;  and  by  the  law  of  natural  selection  only  those  birds 
would  escape  whose  eye  movements  were  sufficiently  rapid  to  give  them 
timely  warning  of  approaching  danger. 

With  regard  to  the  controversy  concerning  the  presence  or  absence  of 
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elastic  fibres  in  the  cornea,  I  am  confident  that  no  elastic  fibres  stainable  by 
Weigert's  method  are  present  in  it  except  at  the  edge ;  no  doubt  by  other 
methods  elements  resembling  elastic  tissue  can  be  demonstrated  there,  as 
by  staining  with  orcein  after  Weigert's,  or  by  the  method  advocated  by 
Tartuferi,  which,  however,  in  my  hands  has  not  given  the  results  claimed 
for  it  by  its  inventor.  I  therefore  incline  rather  to  the  views  expressed  by 
Sattler  and  Stutzer  that  the  tissue  stained  by  Tartuferi  is  not  elastic  in  the 
same  sense  as  that  stained  by  Weigert  s  method,  but  that  being  stainable 
when  Weigert  s  is  reinforced  by  orcein,  is  of  a  nature,  chemically,  closely 
allied  to  though  not  identical  with  elastin.  For  references  dealing  with 
this  subject,  see  Colombo,  Avnali  di  OttalTnologia,  xxxii.  p.  381 ;  Stutzer, 
Archiv  f,  Ophtltahnologie,  xlv.  p.  322 ;  Kezoji  Kiribuchi,  Archiv  f.  Opthal. 
u.  Otolo,  xxxi.  p.  238 ;  and  Tartuferi's  reply,  Annali  di  OttalTnologia, 
xxxiii.  p.  331. 


PULMONARY  CHANGES  IN  ASPHYXIA.  By  Ivy  M  Kenzie,  M.A., 
B.Sc.,  M.B.,  Ch.B.,  Resident  Assistant  Physician,  Rtuhill  Fever 
Hospital,  Glasgow. 

Asphyxia  may  result  from  any  condition  or  conditions  interfering  directly 
or  indirectly  with  the  supply  of  arterialised  blood  to  the  centre  governing 
the  respiratory  mechanism.  The  effects  of  asphyxia  are  seen  all  over  the 
body,  but  are  most  marked  in  the  circulatory  and  respiratory  systems. 
The  following  paper  is  devoted  to  a  consideration  of  the  pulmonary 
changes  seen  in  six  cases  of  asphyxia. 

Symptomatology  of  Asphyxiation  by  Subtocation. 

The  symptoms  of  asphyxia  are  the  manifestations  of  an  attempt,  chiefly 
on  part  of  the  respiratory  and  circulatory  systems,  to  meet  the  demand  for 
a  supply  of  arterialised  blood  to  the  respiratory  centre,  and  may  be  looked 
on  as  an  aggravation  of  the  symptoms  of  dyspnoea  accompanying  increased 
venosity  of  the  blood  in  any  disease.  These  phenomena  occurring  in  a 
normal  animal  after  occlusion  of  the  trachea  may  be  divided  into  two 
stages — (1)  a  stage  of  irritation,  and  (2)  a  stage  of  paralysis. 

(1)  Stage  of  Iri'itation. — In  less  than  half  a  minute  from  the  time  that 
the  supply  of  oxygen  has  been  cut  off,  the  symptoms  of  dyspnoea  appear. 
The  respiratory  movements  are  increased  in  depth  and  in  a  less  degree  in 
rhythm.  As  the  venosity  of  the  blood  increases  the  dyspncea  becomes 
greater,  the  expiratory  phase  of  the  respiratory  movement  being  relatively 
exaggerated.  All  the  accessory  muscles  of  respiration  are  brought  into 
action,  and  finally  almost  every  muscle  in  the  body  takes  part  in  the 
struggle,  which  culminates  in  convulsive  movements  of  a  pronounced 
expiratory  type.  Early  in  the  second  minute  after  deprivation  of  oxygen 
the  convulsive  movements  cease  somewhat  abruptly  and  the  stage  of 
paralysis  sets  in. 

(2)  Stage  of  Paralys^is. — A  state  of  unconsciousness  has  now  super- 
vened. The  muscles  are  more  or  less  flaccid  and  the  sphincters  are  relaxed, 
while  the  pupils  are  dilated  and  there  is  absence  of  response  to  nervous 
stimulation.  The  type  of  respiration  has  completely  changed ;  at  long 
intervals   there   is   a  prolonged   inspiratory  effort  followed   by  a  passive 
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expiration,  the  inspiration  being  of  the  nature  of  a  gasp  accompanied  by 
contraction  of  the  accessory  muscles  of  inspiration.  The  respirations 
gradually  become  slower  and  more  shallow,  and  death  ensues  with  a 
convulsive  inspiratory  gasp. 

These  changes,  from  the  time  of  the  occlusion  of  the  trachea  till  death, 
occupy  in  the  case  of  a  full-grown  dog  between  four  and  live  minutes. 
There  is,  however,  a  considerable  degree  of  variation  in  different  animals, 
and  in  the  same  animals  under  different  circumstances ;  thus,  a  rabbit  will 
succumb  sooner  than  a  dog,  and  a  newly-born  puppy  has  recovered  after 
50  minutes'  immersion,  while  in  the  case  of  a  full-grown  dog  death  usually 
ensues  after  1 J  minutes  (Foster). 

Effects  of  Asphyxia  on  Circulatory  System. 

The  effects  of  asphyxia  on  the  circulatory  system  are  mainly  due  (1)  to 
the  mechanical  interference  of  the  abnormal  thoracic  movements,  and 
(2)  to  the  carbonic  acid  poisoning  of  the  vaso-motor  centre. 

(1)  Mechanical  EffecU. — l^he  effects  of  the  respiratory  movements  on 
the  blood  pressure  are  seen  in  quiet,  normal  respiration,  and  these  effects 
are  modified  according  as  the  respiration  is  rapid  or  slow,  shallow  or  deep, 
easy  or  laboured.  The  chief  determining  factor  in  the  rise  and  fall  of  blood 
pressure  is  the  variation  occurring  in  the  pressure  exerted  on  the  large 
vessels  of  the  thorax  during  the  respiratory  movements.  With  the  act  of 
inspiration,  there  is  created  a  difference  between  the  atmospheric  and  intra- 
pulmonary  pressures  to  the  extent  of  the  force  necessary  to  overcome  the 
elastic  resistance  of  the  bronchial  and  alv'eolar  passages  undergoing  expansion. 
At  the  same  time  and  to  the  same  degree,  the  extra-pulmonary  thoracic 
structures  are  also  subjected  to  an  equal  pressure  of  a  negative  kind.  This 
negative  pressure  when  the  lungs  are  at  rest  (between  inspiration  and 
expiration)  is,  in  man,  about  5  to  7  mm.  of  mercury,  while  at  the  end  of  a 
forcible  inspiration  it  amounts  to  30  mm.  of  mercury.  During  expiration  the 
conditions  are  reversed,  and  at  the  end  of  a  forcible  expiration  the  vessels 
in  the  thorax  are  subjected  to  a  positive  pressure  at  times  so  great  as  to 
interfere  with  the  free  flow  of  the  blood  to  the  heart.  The  result  of 
these  variations  is  that  during  forcible  inspiration  the  negative  pressure 
on  the  thoracic  vessels  and  on  the  lungs  is  diminished  and  there  is  a 
free  flow  of  blood  to  the  thorax ;  the  flow  to  the  right  heart  is  increased 
and  the  vessels  of  the  lungs  become  distended  with  blood.  A  forcible 
expiration,  on  the  other  hand,  exerts  a  pumping  influence  on  the  lungs 
and  the  blood  is  driven  on  to  the  left  heart,  although  at  times  the 
extra-pulmonary   pressure,  during  forced   expiration,  may  be  so  great  as 
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to  give  rise  temporarily  to  a  partial  venous  obstruction  in  the  vessels 
entering  both  sides  of  the  heart.  In  a  condition  of  asphyxia  by  suffoca- 
tion there  is  a  marked  increase  in  the  variations  of  intra-thoracic 
pressure;  for  if,  when  the  chest  forcibly  expands,  there  is  no  entrance 
of  air,  there  must  be  an  enormous  relative  increase  of  negative  pressure 
in  the  thorax,  determining  a  great  engorgement  of  the  lungs  and 
thoracic  veins.  Immediately  following  this  engorgement  there  is  a  violent 
expiration,  the  result  of  which  is  to  convert  the  extra-pulmonary  negative 
pressure  into  a  positive  pressure  on  the  great  vessels.  This  extra- 
pulmonary positive  pressure  of  expiration  exerted  on  the  pulmonary 
veins  retards  the  onward  flow,  and  the  blood  pressure  in  the  vessels  in 
the  lungs  is  raised  enormously,  the  blood  being  "trapped"  between  the 
expulsive  force  of  violent  expiration  on  the  one  side  and  a  positive  extra- 
pulmonary pressure  together  with  an  engorged  left  heart  on  the  other. 

(2)  Effects  on  the  Vaso-motar  Centre. — The  vaso-motor  centre  is  ex- 
tremely sensitive  to  the  influence  of  carbonic  acid,  and  during  asphyxia  the 
effects  of  the  venosity  of  the  blood  on  the  cardio-inhibitory  centre  are  very 
pronounced.  These  effects  have  been  studied  in  animals  in  which  the  com- 
plication through  interference  of  the  convulsive  movements  have  been 
eliminated  by  means  of  urari.  It  has  been  demonstrated  that  in  asphyxia 
(under  urari)  there  is  (1)  an  increase  of  systemic  blood  pressure,  due  mainly 
to  vaso-constriction  in  the  splanchnic  area  ;  and  (2)  an  increase  in  pulmonary 
resistance  and  an  increase  in  pulmonary  blood  pressure.  These  effects  are 
seen  only  in  the  earlier  stages  of  asphyxia,  the  blood  pressure  soon  becoming 
lowered  through  failure  of  the  heart. 

These  then  are  the  main  factors  concerned  in  the  great  disturbance 
which  ensues  in  the  circulatory  and  respiratory  systems  in  asphyxia,  and 
their  results  are  manifested  in  some  interesting  ways  in  the  f oUow^ing  cases. 

While  the  effects  produced  are  the  same  in  kind,  they  differ  considerably 
in  degree,  and  the  cases  are  considered  separately  according  to  the  extent 
of  the  damage  produced  on  the  lung  substance. 

Cases  1,  \'iy  J,  Jf. — These  cases,  aged  six  months,  ten  months,  thirteen 
months,  and  eighteen  months  respectively,  died  as  the  result  of  overlying. 
The  changes  found  on  post-mortem  examination  were  those  generally 
associated  with  the  condition  of  asphyxia  by  suffocation.  On  opening  the 
thoracic  cavity  the  lungs  were  found  in  a  state  of  moderate  distension. 
There  was  some  degree  of  sub-pleural  ecchymosis,  but  no  extensive  hsemor- 
rhage  could  be  detected  on  naked  eye  examination.  Relative  to  age  the 
lungs  were  of  normal  weight,  were  crepitant,  and  floated  in  water ;  they 
were  fixed  in  formalin,  and  dissection  in  spirit  showed  great  dilatation  of 
the  blood-vessels  and  small  clots  of  blood  in  some  of  the  bronchi. 
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Microscopic  Examiimtitm, — On  microscopic  examination  the  moat 
marked  feature  is  the  great  dilatation  of  capillaries  and  veins,  and  specially 
marked  is  the  engorgement  of  vessels  in  the  interlobular  spaces.  There  is 
evidence  at  various  parts  of  slight  hiemorrhage  under  the  pleura.  Some  of 
the  bronchi  are  in  a  collapsed  condition  and  contain  small  quantities  of 
blood  in  their  lumina  (fig.  1 ).  An  almost  constant  feature  is  great  dilatation 
of  peribronchial  capillaries.  At  some  parts  the  pulmonary  capillaries  in 
the   parenchyma  are  greatly  dilated,  and  in  the  neighbourhood   of  these 


Fid.  I. — Transverae  Bectinn  of  bmnchus  in  ospliyxia.  Hronchna  coUugiaed,  and 
blood  in  lumen  and  iieribroiichiHl  capillaries  dilated.  Stain — hiematoxylin, 
emin,  and  orange,      x  46. 

dilated  vessels  there  are  occasionally  small  quantities  of  extravaaated  blood. 
At  no  part  is  there  seen  extravasation  of  blood  or  air  into  the  interlobular 
.spaces :  and  no  collapse  of  the  alveolar  substance  of  the  lung  is  detected. 

(Jane  -5.— This  cawe  is  that  of  a  child  born  at  six  o'clock  in  the  evening 
and  found  dead  four  hours  later.  He  was  a  strong,  heal  thy -looking 
infant,  breathed  freely  and  with  apparent  comfort,  and  presented  nothing 
abnormal  on  physical  examination.     Death  was  due  to  overlying, 

PnHt-mortem  Examvixiliim. — The  parietal  and  visceral  layers  of  the 
pleura  were  in  apposition  and  the  lungs  were  moderately  distended.  The 
right  lung  weighed  450  grains  and  the  left  375  grains,  and  they  floated 
readily  in  water.     The  mast  striking  feature  was  an  apparent  infiltration  of 
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air  between  the  lobules;  the  intersecting  planes  between  the  lobules  instead 
of  being  almost  imperceptibly  thin,  are  at  some  parts  2  mm.  in  width.  At 
HOme  places  the  interlobular  spaces  were  marked  by  a  transparent  band,  and 
at  otliers  by  a  row  of  small  transparent  beads  of  visceral  pleura.  At  some 
pai-ts  the  individual  lobules  were  even  isolated  by  the  dissecting  extrava- 
sations of  air.  These  changes  were  most  marked  on  the  surfaces  of  the 
anterior  borders  of  the  lungs,  but  the  intersecting  bands  of  air  could  he 
traced  deep  into  the  lung  substance,  although  as  the  root  of  the  lung  was 


Fio.  3. — EtiurmauBly  dilated  blood-vessel  in  iolerlobuUr  space  in  lung  in  asphyxiii. 
Stain— liaematoxflin,  eoeiu,  and  orange,      x  45. 

approached  the  spaces  become  narrowed.  The  infiltration  did  not  appear 
to  have  passed  the  roots  of  the  lungs,  no  air  being  detected  in  the  tissues 
of  the  posterior  mediastinum.  After  fixation  in  formalin,  dissection  in 
spirit  showed  the  foregoing  conditions  very  clearly.  The  vessels  in  the 
interlobular  spaces  were  distended  and  stripped  from  the  surrounding  con- 
nective tissue,  and  were  surrounded  by  the  free  air  which  intersected  the 
lobules.  At  no  pointwas  there  evidence  of  free  blood  in  the  interlobular  spaces. 
AfirroMCopir  Exnmi.mdimi. — As  in  the  previous  four  cases  attention  is 
at  once  drawn  to  the  enormous  dilatation  of  the  vessels,  especially  of  the 
veins  in  the  interlobular  spaces  (fig.  2).  The  sub-pleural  capillaries  are 
also  engorged  as  are   those  round   the  bronchi.      In   some  parts  there  is 
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marked  distension  of  the  capillaries  in  the  parenchyma.     There  is   great 
extravasation  of  air  into  the  interlobular  spaces  (fig.  3). 

Neither  in  the  interlobular  spaces  nor  in  the  bronchi  is  free  blood 
detected,  although  minute  extravasations  into  the  alveoli  are  seen  in  the 
neighbourhood  of  distended  pulmonary  capillaries.  Examination  of  in- 
dividual lobules,  even  those  completely  surrounded  by  extravasated  air, 
shows  no  evidence  of  tearing  or  rupture.  Collapse  is  not  a  marked  feature, 
though  present  in  a  slight  degree  in  those  lobules  surrounded  by  targe 


Fici.  3.— Transverse  section  of  lung  in  uphjxiii.  Low  power— sliowing  lobnles  anrroundcd  by 
larf^  vesicles  of  sir  and  portions  of  the  lobules  <roll&pBed.  Stain — hamaUtxylin,  eosiii,  and 
orange,      xl2. 

quantities  of  air  (fig.  3).  Examination  of  the  elastic  tissue  by  Weigert's 
method  shows  no  abnormality  in  quality  or  amount. 

Cow  6, — This  case  is  that  of  a  baby  bom  at  seven  o'clock  and  found  dead 
two  hours  later.  At  birth  the  child  appeared  strong  and  healthy ;  the 
colour  was  good  and  breathing  was  normal.  Tlie  mother  state.i  that  two 
hours  after  birth  she  noticed  the  face  turn  black  and  there  was  a  discharge 
of  blood  from  the  moutli  and  nose.  Death  occurred  immediately.  The 
child  was  illegitimate. 

PnHt-itiorti^i  Exfimiiuttiov. — The  body  was  that  of  a  strong,  well- 
developed    infant.      There  was  considerable   subconjunctival  hnemorrhage. 
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There  was  free  blood  in  the  mouth,  throat,  and  larynx,  but  examination  of 
these  passages  showed  no  evidence  of  the  presence  of  any  foreign  body. 
On  opening  the  cheat  the  lungs  were  seen  to  be  collapsed,  and  there  was  a 
considerable  amount  of  blood  in  each  pleural  cavity  (about  6  oz.  in  the 
right  and  4  oz.  in  the  left).  There  was  no  pneumothorax  and  no  air  in  the 
posterior  mediastinum.  The  lungs  were  bathed  in  blood,  which  was  present 
in  the  pleural  cavities,  and  on  removal  blood  was  seen  to  escape  in  small 


Fio,  4.— Transverse  sBctioii  or lang  in  oapliyxU,  allowing  enormous  extnvustioii  or  blood  and  ite 
coiistiquencfH.  The  interlobular  spaces  are  demarcated  by  channels  of  blood  and  the  lobules 
are  coliajised.  1,  CollnjiSBd  lobnles ;  2,  channels  of  blood  surroiiading  lobules;  3,  channel 
of  blood  under  (ileura  ;  4,  air-sinces  beneath  pleura  and  in  lobules;  S,  dilitud  amalt  vessels 
surrounded  by  eitntvasat«d  blood  in  interlobular  spaces.  Stain — hamatoxyliu,  eosiu,  and 
orange,      x  15. 

quantities  from  the  bronchi.  The  lungs  liad  an  abnormally  red  appear- 
ance, were  heavy  and  resistant  to  pressure,  and  were  non-crepitant.  Minute 
tian.'^parent  beads  of  air  were  present  all  over  the  surface,  but  larger  and 
more  numerous  towards  the  anterior  borders.  The  sub-pleural  vesicles  of 
air  were  irregular  in  their  distribution,  at  no  part  being  arranged  in  rows 
as  in  case  6,  and  there  was  no  demarcation  of  the  lobules  by  extravaaated  air. 
On  the  other  hand  the  surface  of  the  lungs  waspractically  homogeneous,  the 
outline  of  the  lobules  being  invisible.  The  right  lung  weighed  1040  grains 
and  the  left  920  grains ;  they  floated  in  water.     After  fi.vation  in  formalin 
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and  washing  in  spirit,  dissection  showed  the  lungs  to  be  practically  solid 
on  account  of  extravasated  blood.  There  was  general  collapse  of  the  lung 
substance,  and  the  individual  lobules  were  marked  off  by  channels  of  blood 
in  the  interlobular  spaces.  These  channels  of  blood,  easily  recognised  by 
the  naked  eye,  were  continuous  with  a  similar  extravasation  beneath  the 
pleura,  and  it  was  this  sub-pleural  extravasation  which  rendered  the  lobules 
invisible  on  examining  the  surface  of  the  lungs.     In  addition  to  the  sub- 


Fin.  5. — TmuHvente  section  of  tung  hi  asphyxia,  showing  blood  extnivasatiou,  collapse  of  hiii);,  ami 
large  air.ieaiolea  in  interlobular  siiacea,  1,  Collapsed  lobules ;  2,  ebanueU  of  blond  in  inter- 
lobular spaces  ;  3,  large  vesicles  of  air  in  interlobular  s]iaces  ;  4,  broncliuH ;  5,  bronchiole 
containing  blood  ;  a,  dilated  vessel  tu  interlobular  a[>Bce  ;  7,  ext™va.mtpd  blowi  surrounding 
vessel.     Stain — livmatoxylin,  eosin,  and  orange,      x  15. 

pleural  air-vesicles  there  were  air-spaces  scattered  through  the  substance  of 
the  lungs;  these  had  an  irregular  distribution,  and  varied  in  size  up  to 
6  mm.  in  diameter. 

Micruseopic  ExianiiHttiitn.—The  most  remarkable  feature  is  the  large 
amount  of  blood  pervading  the  lung  structure.  For  the  most  part  the 
blood  is  present  in  the  interlobular  spaces  and  beneath  the  pleura.  In 
some  parts  the  individual  lobules  are  isolated  by  the  dissecting  channels 
of  blood,  which  have  compressed  the  lobular  structures  into  a  collapsed 
condition  (fig.  4). 

The  bronchi  are  iti  some  places  surrounded  by  extravasated  blood,  and 
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small  quantities  of  blood  are  present  in  some  of  their  lumina.  The 
peribronchial  capillaries  are  generally  dilated.  The  blood,  however, 
seems  to  be  largely  confined  to  the  interlobular  spaces  and  the  sub- 
pleural  tissue.  At  no  part  is  there  any  evidence  to  show  that  the 
haemorrhage  has  occurred  from  the  capillaries  of  the  parenchyma  inasmuch 
as  the  lobules,  though  compressed  and  collapsed  by  the  surrounding  blood, 
show  no  signs  of  having  been  ruptured  or  torn  by  the  dissecting  channels. 
The  air-spaces,  already  referred  to,  are  seen  scattered  irregularly  through 
the  tissue ;  they  vary  in  size  and  are  lined  by  connective  and  elastic  tissue 
fibres ;  they  are  sometimes  inside  the  lobules  (fig.  4),  but  the  larger  ones 
are  usually  in  the  vicinitj^  of  vessels  or  bronchi  or  in  the  interlobular 
spaces  (fig.  5).  They  would  appear  to  be  the  result  of  an  accumulation  of 
air  particles  expresvsed  from  the  alveolar  spaces  by  the  pressure  of  the 
blood  and  subsequent  collapse  of  the  lobules.  So  far  as  the  disorganised 
condition  of  the  lung  admits  of  examination,  the  elastic  ti&sue  would  appear 
to  be  normal  in  quantity  and  quality. 

Suvi7na7*y  of  Pulvi<ynary  Changes. 

Cases  1, ;?,  />,  ^. — Great  dilatation  of  vessels  in  interlobular  spaces ;  dilata- 
tion of  capillaries  in  lobules,  round  bronchi,  and  beneath  pleura:  minute 
extravasations  of  blood  under  pleura,  into  alveoli,  and  into  bronchi.    (Fig.  1.) 

Case  5, — Great  dilatation  of  vessels  in  interlobular  spaces  ;  dilatation  of 
capillaries  in  lobules  and  round  bronchi ;  extensive  extravasation  of  air 
into  interlobular  spaces  and  beneath  pleura.     (Figs.  2  and  3.) 

Case  6, — Great  extravasation  of  blood  into  interlobular  spaces,  beneath 
pleura,  and  round  large  vessels  and  bronchi ;  collapse  of  lobules ;  extrava- 
sated  air  irregularly  distributed  in  vesicles  of  varying  size.     (Figs.  4  and  5.) 

These  changes  have  the  following  points  in  common : — 

(1)  There  is  in  every  case  a  decided  evidence  of  great  blood  pressure,  as 
seen  in  haemorrhage  and  dilatation  of  vessels. 

(2)  In  every  case  the  evidence  of  change  is  most  marked  in  the  inter- 
lobular spaces.  It  has  already  been  pointed  out  that  the  pulmonary  changes 
in  asphyxia  depend  largely  on  the  mechanical  influences  of  the  variations 
in  intra-thoracic  pressure.  These  variations  in  pressure  affect  not  only  the 
large  vessels  outside  the  lungs  but  every  structure  outside  the  air  containing 
vesicles  and  air-passages.  Thus,  during  a  deep  inspiration  the  negative 
pressure  on  the  thoracic  structures  outside  the  lungs  is  increased,  and  in  the 
same  degree  there  is  an  increase  of  negative  pressure  in  the  interlobular 
spaces.  This  variation  in  pressure  in  the  interlobular  spaces  is  a  factor 
common  to  all  cases  of  asphyxia.  An  increase  in  negative  pressure  in  the 
interlobular  spaces  has  an  aspirating  effect  on  the  blood  in  tlie  lobules,  and 
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there  is  a  determination  of  the  blood  from  the  centrally  situated  pulmonary 
arterioles  in  the  lobules  to  the  peripheral  venules  in  the  interlobular  spaces ; 
the  distended  venules  of  the  pulmonary  system  in  the  interlobular  spaces  is 
a  constant  feature  of  asphyxia. 

The  cases  under  consideration  present  the  following  points  of 
difference : — 

(1)  Cases  1,  2,  3,  4  show  no  marked  departure  from  the  normal  re- 
lations of  lung  structures. 

(2)  Cases  5  and  6  present  marked  evidence  of  great  disturbance  of  lung 
structures. 

The  problem  which  a  review  of  these  differences  suggests  is  this — What 
are  the  factors  which  determine  such  variations  in  the  nature  of  the  lesions 
produced  ? 

The  following  conditions  may  have  intiuenced  the  results : — 

1.  Age. 

2.  Completeness  of  obstruction. 

3.  Period  in  respiratory  cycle  at  which  obstruction  took  place. 

1.  Age. — It  has  already  been  noted  that,  in  the  case  of  animals,  age  is  an 
important  factor  in  determining  the  length  of  time  occupied  in  the  process 
of  asphyxiation.  A  full-grown  dog  usually  dies  after  immersion  for  IJ 
minutes,  while  a  puppy  may  survive  50  minutes*  immersion.  This  pro- 
longed survival  on  part  of  newly-born  animals  may  be  accounted  for  on 
the  supposition  that,  as  yet,  the  respiratory  metabolism  in  the  tissues  is 
comparatively  inactive  and  there  is  a  small  demand  on  the  oxygen  stored 
in  the  blood  for  carrying  on  the  work  of  the  organism.  If  there  be  any 
grounds  for  such  an  explanation  in  the  case  of  prolonged  survival  in 
immersion,  the  same  reasons  would  account  for  a  prolonged  continuation 
of  the  nervous  and  circulatory  activities  in  avsphyxiation  of  an  infant.  A 
child  of  a  year  would  in  all  probability  die  sooner  than  a  newly-born  baby, 
inasmuch  as  the  heart  and  respiratory  centre  depending  more  on  active 
metabolic  processes  would  sooner  succumb  to  the  poisonous  effects  of  the 
venous  blood.  Applying  these  principles  to  the  cases  under  consideration, 
it  is  seen  that  cases  5  and  6  are  newly-born  babies  and  that  in  them  the 
pulmonary  lesions  are  extensive  compared  with  those  in  the  older  children 
— cases  1,  2,  3,  and  4 ;  and  it  is  quite  possible  that  in  cases  5  and  6  the 
prolonged  physiological  activity  under  conditions  of  deficient  arterialisation 
gave  rise  to  a  prolonged  strain  on  the  pulmonary  structures,  sufficient  to 
account  in  some  degree  at  least  for  the  extent  of  the  lesion ;  while  in  the 
older  children  the  venosity  of  the  blood  probably  conduced  to  nervous  and 
cardiac  failure  before  the  abnormal  activities  of  the  organism  had  time  to 
cause  great  derangement  of  the  lung  structure. 
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An  iinpoi'tant  factor  in  the  determination  of  these  differences  must  be 
the  patency  of  the  foramen  ovale ;  it  may  be  looked  on  as  performing  a 
function  similar  to  that  of  the  patent  ductus  arteriosus  in  certain  am- 
phibians, whereby  prolonged  immersion  is  rendered  possible,  and  there  is  a 
temporary  suspension  of  pulmonary  activities  while  the  blood-flow  is 
maintained  through  the  patent  ductus  and  the  nutrition  of  the  organism 
is  maintained.  In  the  infants  the  blood-flow  would  be  continued  through 
the  patent  foramen  ovale,  and  the  nourishment  of  the  higher  centres 
maintained,  while  the  lungs  were  being  subjected  to  the  violence  of  the 
chest  movements  of  asphyxia. 

Another  important  consideration  relative  to  the  efiect  of  age  is  this, 
that  in  the  case  of  the  newly-born  babies  the  lungs  had  only  just  become 
accommodated  to  the  new  conditions ;  and  the  extraordinary  violence  of  the 
circulatory  and  respiratory  disturbance  would  be  certain  to  have  a  more 
deleterious  eflect  on  the  recently  expanded  lungs  and  pulmonary  vessels  of 
a  newly-born  baby  than  on  those  of  a  child  of  a  year,  whose  lungs  had  by 
that  time  become  accustomed  to  the  demands  of  the  organism. 

2.  Completer €H8  of  ObHtnwfion. — The  symptoms  and  changes  occurring 
in  dyspnoea  and  asphyxia  differ  in  degree  rather  than  in  kind;  conse- 
(juently,  if  in  the  process  of  asphyxia  the  obstruction  be  not  complete,  the 
changes  will  more  resemble  thos(i  of  dyspnoea.  In  a  case  of  incomplete 
obstruction  the  intra-thoracic  structures  are  not  subjected  to  such  variations 
in  pressure  and  the  heart  is  better  able  to  cope  with  the  mechanical 
difficulties  it  has  to  meet ;  in  such  cases  the  heart  and  lungs  may  be  able 
to  accommodate  themselves  to  the  new  difficulties  without  dislocation  of  the 
lung  structure,  until  such  time  as  the  explosive  forces  of  the  respiratory 
centre  have  been  spent  or  the  heart  succumbs  to  venous  poisoning.  If,  on 
the  other  hand,  obstruction  be  sudden  and  complete,  the  variations  in 
intra-thoracic  pressure  are  very  much  greater,  and  the  intra-thoracic 
structures  are  subjected  to  the  violence  of  these  variations  before  the 
nervous  centres  have  had  time  to  become  exhausted  or  the  heart  has  had 
time  to  fail.  Viewed  in  the  light  of  these  considerations,  one  would  expect 
that  asphyxia  was  more  sudden  and  complete  in  cases  5  and  6  than  in 
cases  1,  2,  3,  or  4 ;  this  conclusion  is  supported  by  the  fact  that  in  cases  5 
and  6  there  was  strong  suspicion  of  violence. 

3.  Periixl  iv  Re^tpinifory  Cycle  iit  which  ObHtrnction  took  place, — This 
consideration  applies  only  to  those  cases  in  which  the  obstruction  has  been 
sudden  and  complete. 

(1)  If  obstruction  takes  place  towards  the  end  of  inspiration,  the  result 
is  as  follows : — The  lungs  are  distended  with  air  when  the  symptoms  of 
asphyxia  begin ;  there  will  probably  be  an  expansion  beyond  that  at  time 
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of  obstruction ;  the  intra-thoracic  pressure  will  be  greatly  reduced  in  the 
mediastina  and  in  the  interlobular  spaces,  and  following  this  there  will  be 
an  engorgement  of  the  veins  in  these  situations ;  then  comes  a  violent 
expiratory  spasm.  The  air  in  the  alveoli  is  raised  to  an  enormous  pressure, 
putting  a  great  strain  on  the  periphery  of  the  lobule,  already  affected  by  the 
distension  of  the  veins  in  the  interlobular  spaces  ;  the  air  is  forced  into  the 
interlobular  spaces  where  the  pressure  is  negative,  and  it  intersects  its 
way  between  the  lobules  and  beneath  the  pleura.  This  was  probably  the 
condition  of  affairs  in  case  5. 

(2)  If  obstruction  takes  place  towards  the  end  of  expiration,  the  result 
is  as  follows : — The  lungs  are  in  a  condition  of  collapse  when  the  symptoms 
of  asphyxia  begin ;  there  will  then  probably  be  a  prolonged  inspiration, 
the  result  of  which  will  be  to  produce  a  very  high  negative  pressure  in  the 
mediastina  and  in  the  interlobular  spaces :  this  negative  pressure  will  be 
considerably  greater  than  that  produced  in  a  case  where  obstruction  takes 
place  at  the  end  of  an  inspiration.  Following  this  inspiration  there  will  be 
a  great  flow  of  blood  to  the  thorax,  the  vessels  becoming  engorged  and 
especially  the  veins  in  the  interlobular  spaces.  A  violent  expiratory  spasm 
acting  on  the  lungs  in  their  engorged  condition  will  probably  give  rise  to 
rupture  of  the  venules  and  an  extravasation  of  blood  in  the  interlobular 
spaces,  the  rupture  being  the  result  of  an  enormous  venous  pressure 
exerted  on  the  blood,  "  trapped  "  between  the  force  of  expiratory  spasm  and 
the  heart  unable  to  cope  with  the  supply,  together  with  the  retarding 
influence  of  the  pressure  in  the  mediastina,  which,  by  this  time,  has  become 
positive.     This  was  probably  the  condition  of  affairs  in  case  6. 

(3)  If  obstruction  takes  place  when  the  lungs  are  neither  distended  nor 
collapsed,  there  will  be  a  relative  modification  of  the  forces  which  con- 
stitute the  mechanical  influences  just  referred  to.  The  intra-alveolar 
pressure  cannot  be  so  great  as  in  those  cases  where  obstruction  takes  place 
at  the  end  of  inspiration,  and  the  interlobular  negative  pressure  cannot  be 
so  great  as  in  those  cases  where  obstruction  occurs  at  the  end  of  expiration. 
This  modification  of  the  mechanical  influences  no  doubt  in  some  cases 
admits  of  an  accommodation  on  part  of  the  heart  and  lungs  until  such  time 
as  the  nervous  and  circulatory  systems  have  become  exhausted  by  the 
poisonous  effects  of  the  blood.  In  these  considerations  may  be  found  an 
explanation  of  the  slight  degree  of  disturbance  of  pulmonary  structure 
found  in  some  cases  of  asphyxia. 

With  reference  to  cases  5  and  6,  it  has  been  assumed  that  the  com- 
mencement of  the  extravasation  of  air  and  blood  depends  on  and  is 
coincident  with  the  violent  spasm  of  expiration.  Whether  or  not  this 
assumption  be  correct,  the  whole  lesion  cannot  be  said  to  be  the  result  of  one 
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expiratory  effort.  Once  the  rupture  has  taken  place,  there  is  a  inish  of  air 
or  blood  into  the  interlobular  spaces,  its  progress  depending  on  the  suction 
action  of  inspiration  and  the  pumping  action  of  expiration,  and  the  whole 
process  lasting  only  during  a  few  respiratory  efforts  after  the  initial  rupture. 
That  considerable  haemorrhage  may  be  the  result  of  lowered  pressure  is 
evidenced  by  its  occurrence  in  the  perilobular  spaces  in  a  lobular  consolida- 
tion, and  it  is  possible  that  in  asphyxia  the  interlobular  venules  may 
rupture  from  the  lack  of  support  incident  to  the  lowered  pressure  of  deep 
inspiration.  In  any  case,  the  possibility  of  extravasation  having  com- 
menced during  inspiration  in  no  way  minimises  the  importance  of  the 
view  that  the  nature  of  the  lesion  depends  greatly  on  the  period  in  the 
respiratory  cycle  at  which  obstruction  takes  place. 

I  have  to  express  my  indebtedness  to  Dr  Gait,  medico-legal  officer, 
Glasgow ;  to  Dr  Riddell,  late  house  surgeon,  Glasgow  Maternity  Hospital ; 
and  to  Dr  Alexander  Mathieson,  Oakbank  Hospital,  Glasgow,  for  per- 
mission to  examine  and  make  use  of  cases  occurring  in  their  practice. 
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ON  THE  DEVELOPMENT  OF  THE  HIND-BRAIN  OF  THE  PIG. 
By  O.  Charnock  Bradley,  M.B.,  D.Sc,  F.R.S.E.,  Royal  Veterinary 
College,  Edinburgh     (Plates  XIX.-XXIV.)  ^ 

Part  II. 

The  Rhombic  Lip. 

In  1886,  His  (13)  called  attention  to  a  folding  over  of  the  dorsal  edge 
of  the  alar  lamina  which  he  named  the  "  Rautenlippe,"  and  to  which  he 
attached  great  importance  as  a  factor  in  the  development  of  certain 
portions  of  the  medulla,  and  especially  of  the  cerebellum  of  Man.  He 
stated  that  the  rhombic  lip  begins  to  form,  in  the  human  embryo,  at 
the  beginning  of  the  fifth  week,  and  that  it  extends  from  the  cervical 
flexure  to  the  isthmus  rhombencephali ;  in  some  places  being  larger,  in 
others  smaller. 

Since  the  publication  of  His'  paper  several  observers,  working  on  the 
development  of  the  hind-brain  of  different  mammals,  have  arrived  at 
diverse  conclusions  as  to  the  formation  and  significance  of  the  rhombic 
lip.  Herrick  (14)  figures  it  as  of  extensive  development  in  the  guinea-pig, 
and  dilates  upon  its  high  position  as  an  agent  in  the  formation  of  the 
cerebellum. 

Dexter  (15),  on  the  other  hand,  avers  that  in  the  rabbit  there  is  no  trace 
of  it.  Kuithan  (16)  also,  after  following  the  development  of  the  cerebellum 
in  the  sheep,  expresses  himself  as  doubtful  of  the  occurrence  of  a  lip. 

Blake  (12),  in  1900,  claimed  that  it  is  present  in  several  mammals  (pig, 
sheep,  cat,  and  rat),  and  gave  an  illustration  of  a  transverse  section  through 
the  hind-brain  of  an  embryo  rat  (8  mm.  long)  which  certainly  closely 
resembled  some  of  the  figures  given  by  His.  Blake  stated  that  "  hitherto 
it  has  not  been  demonstrated  in  the  lower  mammalia,"  and  suggested  that 
this  omission  may  be  due  to  the  fact  that  "  it  is  probably  extremely  transi 
tory  in  an  unfused  condition." 

Gronberg  (6),  writing  still  more  recently,  and  basing  his  statement  on 
the  examination  of  Erinaceus  embryos,  speaks  in  no  uncertain  voice 
against   the   occurrence   of  a  rhombic   lip.     Not   only   does   he   deny  its 

*  Figs.  1  to  44  accompany  Part  I.  of  this  imper,  which  was  published  in  the  last 
number  of  the  Journal  (Oct.  1905). 
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presence  in  hedgehog  embryos,  but  he  even  seriously  questions  its 
formation  in  Man. 

So  far  as  Man  is  concerned,  the  occurrence  of  a  rhombic  lip  may  be 
assumed  to  be  proved.  In  regard  to  its  presence  in  the  embryonic  brain 
of  the  lower  mammals,  there  is  not  yet  sufficient  evidence  to  prove  that 
it  is  universal  or  even  common.  For  this  reason  considerable  attention 
has  been  paid  to  the  condition  of  the  dorsal  border  of  the  alar  lamina 
in  the  hind-brain  of  the  various  pig  embryos  employed  in  this  research. 

In  the  youngest  embryo  the  edge  of  the  alar  lamina  passes  in  a  simple  ! 

manner  into  the  membranous  roof  of  the  ventricle.     No  indication  of  an  j 

outward  folding  is  to  be  observed  in  any  part  of  the  rhombencephalon  of 
the  19  and  22  days  embryos.  In  the  next  older  embryo  (15  mm.)  there  is 
a  considerable  difference.     In  the  most  posterior  part  of  the  medulla  the  j 

upper  border  of  the  alar  lamina  is  no  longer  thin,  but  has  become  thick 
and  rounded,  forming  an  apparent  equivalent  to  His'  "  Flugelwulst,"  along  , 
the  lateral  border  of  which  the  membranous  roof  of  the  ventricle  is 
attached  (fig.  12).  When  sections  are  followed  forwards  it  is  found  that 
not  only  is  the  border  of  the  lamina  rounded,  but  there  is  also  the  appear- 
ance of  an  outward  bending ;  that  is  to  say,  there  is  distinct  evidence  of 
the  formation  of  a  rhombic  lip  with  a  well-marked  outer  and  a  shallow 
inner  "  Lippenfurche."  This  is  well  seen  opposite  the  otic  vesicle. 
Towards  the  anterior  limit  of  the  vesicle  the  folding-over  almost  entirely 
disappears,  to  be  again  well  developed  as  soon  as  the  vesicle  is  completely 
passed.  On  a  level  with  the  origin  of  the  root-complex  of  the  N.  acustico- 
facialis  there  is  a  slight  diminution  in  the  size  of  the  lip — a  diminution 
doubtless  associated  with  the  exit  and  entrance  of  nerve-fibres  at  this  point 
(fig.  13).  Immediately  in  front  of  this  root  the  lip  assumes  its  maximum 
development,  both  its  outer  and  inner  "  Lippenf urchen "  being  deep  (fig. 
14).  The  root  of  the  N.  trigeminus  is  connected  with  another  diminution 
in  the  size  of  the  lip,  which  is  once  more  clearly  marked  externally  in  the 
region  of  the  lateral  recess;  the  outer  " Lippenfurche "  being  continued 
slightly  beyond  the  anterior  limit  of  the  recess  (fig.  5). 

The  various  neuromeral  grooves  cross  the  "  Flugelwulst,"  so  causing  the 
production  of  a  number  of  rounded  eminences. 

With  certain  reservations  it  may  be  said  that,  so  far  as  concerns  the 
rhombic  lip,  sections  through  the  hind-brain  of  this  embryo  bear  a  marked 
resemblance  to  the  figures  given  by  His  of  a  five-weeks'  human  embryo. 
There  is,  however,  none  of  that  flattening  of  the  medulla  at  the  widest  part 
of  the  ventricle,  so  conspicuously  present  in  Man.  There  is,  further,  as  has 
been  previously  stated,  no  clear  distinction  of  alar  and  basal  laminae  in  the 
widest  part  of  the  medulla. 
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It  is  not  possible  to  follow  the  rhombic  lip  for  even  the  shortest  distance 
on  to  the  cerebellum  at  this  stage. 

A  considerable  advance  has  been  made  in  the  growth  of  the  lip  between 
the  15  mm.  and  the  23  mm.  stages.  In  a  23-mm.  embryo  it  is  again  poorly 
developed  in  the  posterior  part  of  the  medulla,  and  fusion  is  apparently 
taking  place  between  it  and  the  wall  of  the  brain-tube  (fig.  16).  Oppasite 
the  anterior  part  of  the  otic  vesicle  it  would  be  difficult  to  say  that  a 
rhombic  lip  had  ever  existed  were  it  not  for  the  evidence  afforded  by  the 
younger  embryo.  In  connection  with  the  lateral  recess,  on  the  contraiy, 
the  lip  has  grown  considerably  and  now  forms  a  substantial  floor  to  the 
recess  (fig.  18).  This  region  obviously  corresponds  to  the  district  in  which 
the  lip  was  greatest  in  the  15-mm.  embryo. 

At  this  stage  there  are  unmistakable  traces  of  a  folding  of  the  edge  of 
the  cerebellar  lamina ;  but  in  ho  part  is  it  so  well  marked  as  was  formerly 
the  case  in  the  medulla  (fig.  19).  A  cerebellar  rhombic  lip  can  be  detected 
in  both  transverse  and  sagittal  sections ;  the  latter  showing  it  best  in  the 
region  of  the  lateral  recess.  As  sagittal  sections  are  followed  towards  the 
middle  line  the  lip  becomes  gradually  less  and  less,  but  does  not  entirely 
disappear  until  the  median  plane  is  closely  approached. 

In  the  posterior  part  of  the  medulla  of  a  25-mm.  embryo  there  is  a 
thickened  hem  appended  to  the  border  of  the  former  alai*  lamina,  and  to  it 
the  membranous  roof  of  the  ventricle  is  attached.  The  hem  is  sharplj^ 
marked  ofi^  from  the  rest  of  the  wall  of  the  ventricle  by  an  internal  furrow, 
above  which  is  a  rounded  ridge-like  prominence  (figs.  21  and  22).  The 
furrow  began  to  appear  in  the  23-mm.  embryo  (cf.  fig.  16),  and  it  does  not 
seem  altogether  unreasonable  to  compare  it  with  a  groove  figured  by  His 
(fig.  13  (13))  as  being  present  in  a  five- weeks'  human  embryo  internal  to 
the  "  Fliigelwulste  "  If  such  a  comparison  be  allowed,  then  the  rounded 
ridge  above  the  furrow  must  be  the  remains  of  the  "  Fliigelwulste."  How- 
ever this  may  be,  the  hem  itself  may  be  considered  the  representative  of 
the  rhombic  lip,  Blake  having  shown  that  in  the  lower  mammals  it  has 
such  an  appearance. 

In  connection  with  the  lateral  recess  the  rhombic  lip  continues  to  grow 
both  in  thickness  and  also  in  an  outward  direction  (fig.  23).  Attention 
has  already  been  called  by  Blake  to  the  important  rfile  played  by  the  lip 
in  the  formation  of  the  recess,  and  the  material  at  present  described  lends 
support  to  his  statement.  It  should  be  added  that  the  N.  acustico- facialis  has 
established  a  close  connection  with  the  ventral  wall  of  the  recess  so  formed. 

There  is  still  a  slight  trace  of  a  rhombic  lip  in  connection  with  the 
cerebellum  in  the  25-mm.  embryo,  but  this  is  the  latest  stage  in  which  it 
can  be  detected. 
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As  has  been  previously  stated,  the  most  posterior  part  of  the  medulla 
has  become  "  closed  "  in  the  32-mm.  embryo ;  the  "  closed  "  portion  being 
provided  with  a  dorsal  median  furrow^.  Just  before  the  central  canal  enters 
into  the  ventricle  a  ridge  makes  its  appearance  in  this  furrow  (fig.  24). 
If  it  be  followed  forwards  it  is  found  that  the  ridge  is  continuous  with 
rhombic  lips  such  as  were  described  as  occurring  in  the  25-mm.  embryo 
(figs.  25  et  Heq.)\  that  is  to  say,  the  closure  of  the  medulla  has  been  caused 
by  the  fusion  of  the  lips  of  the  two  sides.  From  this  point  the  rhombic 
lip  can  be  easily  followed  forwards — being  found  to  present  an  appearance 
not  unlike  that  of  the  next  younger  specimen,  and  gradually  increasing  in 
size  as  the  entrance  to  the  lateral  recess  is  approached  (figs.  28  and  29). 

A  slight  exaggeration  in  the  thickness  of  the  lip  is  shown  in  fig.  29. 
This  follows  upon  a  narrowing  of  the  roof  of  the  ventricle  just  behind  the 
opening  into  the  lateral  recess,  which  causes  the  lip  to  incline  inwards  and 
forwards.  Sections  of  it,  therefore,  are  cut  somewhat  obliquely.  The 
obliquity  of  section,  however,  does  not  account  for  more  than  a  compara- 
tively small  part  of  the  width  of  the  lip  as  illustrated. 

That  part  of  the  rhombic  lip  which  is  associated  with  the  lateral  recess 
has  increased  in  thickness  as  well  as  in  lateral  dimensions.  Consequent 
upon  the  addition  to  its  width,  the  lip  is  now  folded  farther  over  the  side 
of  the  medulla ;  but  there  is  still  no  very  remarkable  degree  of  fusion 
between  the  medulla  and  the  lip.  The  independence  of  the  two  structures 
is  well  shown  in  fig.  29.  Fig.  29  also  demonstrates  that  the  lateral  recess 
is  growing  backwards  beyond  the  level  of  the  aperture  of  communication 
with  the  body  of  the  ventricle,  and  that  the  N.  acustico-facialis  is  now 
clasely  associated  with  the  rhombic  lip. 

The  "  closed  "  part  of  the  medulla  has  increased  in  length  in  the  52-mm. 
embryo.  As  in  the  younger  specimen,  it  possesses  a  dorsal  median  fissure. 
And,  again,  before  the  central  canal  opens  out  into  the  fourth  ventricle 
a  low  rounded  ridge  appears  in  the  fissure,  thus  materially  reducing  its 
depth  (fig.  32). 

In  transverse  sections  there  is  an  area  of  tissue,  differing  structurally 
from  that  adjacent  to  it,  stretching  from  the  surface  of  the  medulla  down 
to  the  central  canal,  and  corresponding  in  lateral  extent  to  the  width  of 
the  ridge  in  the  bottom  of  the  dorsal  fissure  (fig.  32).  It  has  evidently 
been  produced  by  the  fusion  of  the  two  rhombic  lips,  for  the  examination 
of  serial  sections  shows  a  continuation  of  the  area  with  lips  such  as  were 
present  in  the  32-mm.  embryo  (figs.  32  and  33). 

l^he  disposition  of  the  epithelium  over  the  rhombic  lip  in  the  neiglibour- 
hood  of  the  posterior  end  of  the  ventricle  is  notewoi-tliy.  Immediately 
upon  the  opening  up  of  the  central  canal  to  form  the  ventricle,  i.e.  as  soon 
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as  the  area  of  union  of  the  two  rhombic  lips  is  passed,  the  epithelium, 
though  of  the  same  thickness  over  the  greater  part  of  the  wall  of  the 
ventricle  as  in  the  central  canal,  becomes  remarkably  thin  over  the  lips 
themselves  (figs.  SS,  34,  and  35).  This  peculiarity  is  retained  for  some 
distance  forwards;  but  more  anteriorly  the  lip  carries  as  thick  an 
epithelium  as  the  rest  of  the  interior  of  the  ventricle. 

Just  as  the  opening  into  the  lateral  recess  is  being  reached,  there  is, 
aa  previously,  a  conspicuous  increase  in  the  size  of  the  rhombic  lip  (fig.  41) 
— a  condition,  however,  not  demonstrable  in  older  embryos.  Tliat  part  of 
the  lip  w^hich  assists  in  bounding  the  recess  is  beginning  to  lose  its 
hitherto  remarkable  independence. 

The  appearance  presented  by  the  central  canal  in  an  80-mm.  embryo 
is  possibly  of  interest.  About  the  junction  of  the  spinal  cord  and  the 
medulla  the  canal  is  of  fair  width,  and,  judging  from  the  arrangement  of 
its  epithelium,  is  undergoing  constriction  by  fusion  of  its  walls  both  dorsally 
and  ventrally.  If  the  canal  be  followed  forwards,  it  is  first  observed  to 
narrow ;  and  then  its  lateral  walls  ajypexLr  to  fuse  about  their  middle,  thus 
producing  the  appearance  of  two  canals — a  dorsal  and  a  ventral.  Into 
the  dorsal  canal  projects  a  slight  dorsal  ridge  of  epithelium.  Still  farther 
forwards  the  dorsal  canal  enlarges — the  ridge  of  epithelium  being  still 
present — and  finally  appears  to  form  the  single  central  canal  which  opens 
into  the  ventricle  Though  this  is  the  appearance  presented  by  sections, 
it  is  very  doubtful  if  there  is  even  an  attempt  at  fusion  of  the  lateral 
walls  of  the  canal.  Some  sections  which  had  doubtlass  been  rather  more 
roughly  handled  in  preparation  show  the  walls  separated  from  each  other 
by  a  very  narrow  chink. 

This  condition  of  the  central  canal  of  the  medulla  would  not  have  been 
so  fully  described  were  it  not  that  Balfour  (17)  was  originally  of  opinion 
that  diminution  in  the  size  of  the  central  canal  of  the  spinal  cord  was 
produced  by  a  median  coalescence  of  its  walls.  It  was  thought  that  here 
might  possibly  be  an  appearance  similar  to  that  which  led  Balfour  to 
his  conclusions. 

A  dorsal  median  fissure  in  the  "closed"  part  of  the  medulla  is  not 
present  in  the  80-mm.  embryo.  Its  place  is  taken  by  a  triangular  area 
of  tissue,  scantily  provided  with  nuclei,  which  represents  the  opposed  and 
fused  rhombic  lips  (fig.  46).  At  the  apex  of  the  ventricle  the  lips  no  longer 
project  from  the  edge  of  the  medulla ;  but  their  extent  is  determinable  as 
a  sparsely  nucleated  area  continuous  with  the  structurally  similar  field 
in  the  " closed"  portion  of  the  medulla  (fig.  47). 

In  view  of  the  condition  exhibited  in  the  older  material,  it  is  well  here 
to  call  attention  to  the  fact  that  there  is  a  manifest  thickening  of  the 
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epithelium  about  the  lower  limit  of  the  fused  rhombic  lips  (figs.  47  and  48). 
Over  the  major  part  of  the  lip  the  epithelium  is  almost  as  thin  as  was 
found  to  be  the  case  in  the  next  younger  embryo. 

On  passing  forwards  the  pale  area  representing  the  rhombic  lip  dis- 
appears and  the  lip  forms  a  projection  such  as  has  been  seen  previously 
(figs.  49  and  50). 

Fusion  between  the  floor  of  the  lateral  recess  and  the  medulla  still 
goes  on,  but  there  is  no  difficulty  in  seeing  the  line  along  which  it  has 
taken  place  (tig.  51). 

In  the  embryo  100  mm.  in  length  there  is  again  a  trace  of  a  dorsal 
median  fissure  in  the  most  posterior  part  of  the  medulla  (fig.  52).  As 
stated  above,  this  was  not  to  be  found  in  the  80-mm.  embryo ;  it  appears 
possible,  therefore,  that  it  is  a  new  formation  produced  by  inequalities  in 
the  rate  of  growth  of  diflferent  parts  of  the  medulla.  As  the  groove  runs 
forwards  it  becomes  obliterated  by  the  presence  of  a  pale  triangular  area 
like  that  previously  seen  (fig.  53).  Careful  measurements  show  that  the 
area  increases  in  both  its  lateral  and  vertical  dimensions  as  it  is  followed 
forwards.  Its  continuity  with  the  rhombic  lips  is  as  evident  as  it  was 
in  the  younger  embryo  (figs.  53,  54,  and  55).  Contrary  to  the  condition 
present  in  the  earlier  stages,  the  bulk  of  the  rliombic  lip  diminishes  as  the 
opening  into  the  lateral  recess  is  approached  (figs.  55  and  56). 

The  character  of  the  central  canal,  and  its  modification  as  it  opens 
into  the  ventricle  in  the  100-mm.  embryo,  seem  worthy  of  note.  Some 
little  distance  (less  than  300/a)  before  the  canal  reaches  the  ventricle  it 
has  the  form  of  a  moderately  wide  vertical  slit  with  a  median  constriction, 
but  none  of  that  approximation  of  its  lateral  walls  seen  in  the  80-mm. 
embryo  (fig.  52).  (The  constriction  is  greater  in  a  section  140)u  farther 
forwards  than  the  one  from  which  this  figure  was  made.)  The  constriction 
produces  the  appearance  of  two  dilatations  in  the  canal.  A  little  farther 
forwards  the  slit  is  elongated  by  the  occurrence  of  a  third  dilatation  dorsal 
in  position  (fig.  53).  Still  more  anteriorly  a  cleft  sunders  the  pale  area 
which  represents  the  combined  rhombic  lips.  At  the  upper  edge  of  the 
third  dilatation  and  about  the  lower  limit  of  the  rhombic-lip  area  is  a 
thickened  patch  of  epithelium  such  as  was  seen  at  an  earlier  stage 
(fig.  54). 

The  manner  in  which  the  central  canal  of  a  150-mm.  embryo  comes  to 
an  end  diflFers  somewhat  from  the  foregoing  description.  Here  the  pale 
triangular  area  is  present  on  a  level  at  which  the  canal  is  still  small ;  that 
is,  the  third  dilatation  mentioned  in  the  preceding  paragraph  has  evidently 
been  obliterated  by  the  coalescence  of  the  dorsal  part  of  the  walls  of  the 
canal.     The   area  itself  is  even  more  obvious  than  before  on  account  of 
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its  marked  vascularity.  (Blake  has  directed  attention  to  the  fact  that  the 
extent  of  the  fused  rhombic  lips  can  be  determined  by  the  greater  vascu- 
larity of  the  area  of  tissue  so  produced.)  In  addition,  the  area  forms  a 
dorsal  projection  in  transverse  sections  (figs.  59  and  60).  In  this  specimen 
the  antero-posterior  diameter  of  the  area  is  absolutely  less  than  it  was 
in  the  100-mm.  embryo.  In  the  latter  it  measured  252/tA  from  its  most 
posterior  recognisable  limit  to  the  point  of  separation  of  the  two  rhombic 
lips;  in  the  150-mm.  embryo  it  only  measures  204/i  between  similar 
points.  This  circumstance  indicates  a  gradual  loss  by  the  area  of  its 
distinctive  histological  characters,  the  structural  change  occurring  first 
posteriorly  and  advancing  towards  the  apex  of  the  ventricle.  The  area 
clearly  forms  the  obex  of  the  adult  brain. 

As  the  central  canal  is  entering  the  ventricle  it  shows  the  constriction 
noted  in  the  100-mm.  embryo;  but  the  third — most  dorsal — dilatation  is 
replaced  by  a  rounded  ridge  on  each  side  of  the  canal.  This  is  the 
funiculus  separans  of  Retzius  (fig.  8).  The  two  funiculi  blend  posteriorly 
in  such  a  manner  that  there  is  a  slight  backward  prolongation  of  the 
cavity  of  the  ventricle  above  them  (figs.  8  and  60).  The  more  dorsal  of 
the  two  dilatations  of  the  central  canal  is  continued  into  the  ventricle  as 
the  ala  cinerea  (fig.  8).  The  rhombic  lip,  passing  forwards  from  the  obex, 
forms  the  area  postrema,  which  gradually  becomes  smaller  and  more  and 
more  separated  from  the  bulk  of  the  medulla.  A  little  distance  behind 
the  opening  into  the  recess  it  is  very  small  and  forms  a  thin  projection : 
just  as  the  opening  is  reached  it  can  hardly  be  said  to  be  present  at  all. 

That  the  rhombic  lip  is  an  important  factor  in  the  formation  of  the 
tuberculum  acusticum  has  been  claimed  by  Blake.  Tlie  present  research 
lends  support  to  the  claim  (figs,  63  and  64). 

From  what  has  been  said  above,  it  follows  that  the  rhombic  lip  of  the 
pig  diflfers  somewhat  from  the  like  structure  in  Man.  From  the  time  of  its 
earliest  appearance  it  is  much  more  perfectly  formed  in  the  region  of  the 
lateral  recess.  In  the  posterior  part  of  the  medulla  the  lip  is  small  in  the 
younger  material,  but  attains  a  good  development  later.  In  the  middle 
district  of  the  medulla  there  is  an  imperfect  development  of  the  lip  during 
the  whole  of  embryonic  life.  Immediately  behind  the  opening  into  the 
lateral  recess  it  is  large  enough  to  be  remarkable  during  the  earlier  stages 
covered  by  the  material  at  present  considered ;  but  later  this  comparative 
prominence  is  lost  (cf,  figs.  41  and  56).  At  no  period  is  the  folding  over  of 
the  lip  so  great  as  has  been  described  by  His  as  occurring  in  the  human 
embryo ;  there  is  never  even  an  approach  to  the  condition  as  depicted  in 
His'  fig.  16  (18).  It  is  difficult  to  imagine  that  the  rhombic  lip  of  the  pig 
forms  the  olivary  body,  etc. — at  any  rate  in  the  manner  as  related  by  His ; 
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it  seems  more  probable  that  the  fasciculus  solitarius  becomes  buried  as  the 
consequence  of  migration  of  neuroblasts  independent  of  the  formation  of 
the  lip.  This  would  harmonise  with  the  inability  of  Gronberg  and  Dexter 
to  find  the  lip  in  the  hedgehog  and  rabbit.  Further,  it  cannot  be  claimed 
that  it  plays  more  than  a  very  small  part  in  the  formation  of  the  cerebellum 
of  the  pig.  The  cerebellar  rhombic  lip  appears  later  than  the  medullary  lip ; 
it  is  much  smaller,  does  not  reach  the  middle  line,  and  all  traces  of  it  are 
soon  lost. 

It  must  be  concluded  therefore  from  these  observations  on  the  pig,  and 
from  the  published  results  of  other  investigations,  that  a  rhombic  lip  is  not 
invariably  present  in  mammals,  and,  when  present,  is  not  so  important  a 
factor  in  the  development  of  the  medulla  as  it  is  in  Man.  In  connection 
with  the  cerebellum  its  morphologic  value  is  small. 

The  Cerebellum. 

Since  the  earliest  observers  w^ere  of  opinion  that  the  hind-brain  pre- 
sented a  yawning  cleft  in  its  roof  during  the  first  stages  of  its  development, 
it  was  natural  that  they  should  conceive  the  cerebellum  as  arising  from  a 
pair  of  lateral  Anlagen  which,  gradually  growing  towards  each  other, 
ultimately  fused  in  the  middle  line.  This  view  originated,  according  to 
Mihalkovics,  with  Fracassati  (19),  and  was  acquiesced  in  by  all  subsequent 
writers  up  to  the  time  of  the  appearance  of  the  first  edition  of  Kolliker's 
Embryology  (9).  Tiedemann  (20),  Serres  (21),  v.  Baer  (22),  Valentin  (23), 
Schmidt  (24),  and  Kollmann  (25)  were  of  this  opinion. 

KoUiker  gave  pause  to  the  prevailing  theory  when  he  described  the 
cerebellum  as  developing  as  a  thickening  of  the  roof  of  the  most  anterior 
part  of  the  hind-brain — the  thickening  soon  attaining  the  form  of  a 
transverse  plate.  Mihalkovics  (26)  followed  KoUiker  in  considering  the 
cerebellum  to  grow  out  of  a  transverse  curved  "  Kleinhirnlamella." 
Lahousse  (1888  (27))  and  Hertwig  (1893  (28))  are  examples  of  moderns 
who  hold  with  an  unpaired  cerebellar  Anlage. 

Most  recent  writers,  however,  describe  a  pair  of  lateral  Anlagen. 
Goronowitsch  (29)  so  represents  the  development  in  Acipenser,  and 
Schaper  (8)  believes  that  the  cerebellum  of  Teleosts  springs  from  a 
bilaterally  symmetrical  Anlage. 

Stroud  (30)  doubts  whether  the  cerebellum  as  a  whole  gi-ows  out  of  a 
thickening  occurring  in  the  roof  of  the  hind-brain  at  the  constriction  of 
the  isthmus.  If  this  transverse  plate  is  the  cerebellum,  he  asks, "  Where  is 
tlie  valvula  ? "  He  appears  to  incline  to  the  view  that  the  cerebellum 
proper  develops  from  a  pair  of  Anlagen  which   appear  posterior  to   the 
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thickening,  and  sums  up  by  saying,  "The  mammalian  cerebellum  is 
developed  from  the  caudal  part  of  the  epicoelian  roof." 

Euithan  (16),  from  his  observations  on  the  sheep,  is  of  the  opinion  that 
the  embryonic  cerebellum  has  at  first  an  unpaired  Anlage,  but  later  it 
passes  through  a  stage  in  which  paired  Anlagen  can  be  detected.  Prenant 
(31)  joins  the  ranks  of  those  who  adhere  to  the  opinion  that  there  are 
originally  two  lateral  structures  from  which  the  cerebellum  arises;  and 
Gronberg  (6)  is  led  to  the  same  conclusion  by  his  examination  of  hedgehog 
embryos. 

There  appears  to  be  sufficient  justification  for  the  assertion  that  the 
cerebellum  of  the  pig  develops  from  a  pair  of  lateral  rudiments.  The 
median  connection  present  in  the  youngest  embryo  examined  (19  days)  is 
so  thin  that  there  appears  to  be  no  reason  for  considering  it  of  more 
importance  than  the  Deckplatte  of  the  spinal  cord.  It  is  merely  a  con- 
necting-link between  the  alar  laminae  of  opposite  side  of  the  rhom- 
bencephalon. Further,  the  connection  so  established  is  of  short  sagittal 
extent  only. 

The  rudiments  of  the  cerebellum  which  are  present  in  the  1 9-day s 
embryo  are  not  marked  oflF  from  the  medulla  by  anything  more  than  the 
occurrence  of  a  maximum  width  of  the  brain  tube.  The  main  connection 
of  the  two  halves  of  the  organ  is  the  thin  membranous  roof  of  the  ventricle, 
each  half  having  a  border  which  slopes  gradually  inwards  as  it  passes 
forwards.  Speaking  generally,  there  is  an  interval  between  the  two  halves 
of  the  cerebellum  in  the  form  of  a  moderately  elongated  isosceles  triangle 
whose  base  is  formed  by  a  line  drawn  transverse  to  the  long  axis  of  the 
rhombencephalon  on  a  level  with  its  widest  part,  and  whose  apex  points 
forwards. 

As  development  proceeds  the  superficial  area  of  the  two  moieties  of  the 
cerebellum  increases,  and  their  median  connection  is  extended  antero- 
posteriorly  from  an  expansion  of  their  line  of  contact.  The  median 
connection,  though  gradually  becoming  thicker,  does  not  do  so  in  proportion 
to  the  increase  in  its  sagittal  extent;  the  consequence  being  that,  for  a 
long  time,  the  two  halves  of  the  cerebellum  are  joined  to  each  other  by  a 
remarkably  thin  bridge,  internal  to  which  is  a  longitudinal  fissure  whose 
relative  depth  increases,  rather  than  diminishes,  up  to  a  certain  stage  of 
development.  How  this  fissure  develops  into  the  cerebellar  ventricle,  and 
how  it  is  not  entirely  obliterated  even  in  a  100-mm.  embryo,  have  been 
related. 

Concerning  the  manner  in  which  the  originally  thin  median  portion  of 
the  cerebellum  increases  in  thickness,  with  a  concomitant  diminution  in  the 
depth  of  the  internal  longitudinal  fissure,  there  has  been  some  divergence  of 
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opinion.  Kuithan  inclines  to  the  view  that  there  is  an  approximation  of, 
and,  finally,  fusion  between  the  two  walls  of  tlie  fissiu-e.  Gronberg,  on  the 
other  hand,  holds  that  Erinaceus  embryos  do  not  exhibit  any  fusion  of  the 
ependyma.  Schaper,  as  the  result  of  his  investigations  into  the  develop- 
ment of  the  cerebellum  in  teleostean  fishes,  concludes  that  the  connecting 
lamina  between  the  two  lateral  halves  does  not  develop  into  typical 
cerebellar  tissue. 

The  question  is  evidently  not  one  to  which  a  satisfactory  answer  can  be 
readily  found.  In  the  embryo  of  the  pig  there  is  certainly  some  thickening 
produced  by  proliferation  of  cells  within  the  median  part  of  the  cerebellum 
itself.  But  there  is  the  passibility  that  these  cells  have  migrated  thither 
from  more  lateral  areas.  It  is  not  without  interest  to  note  that  a  ridge  is 
present,  in  certain  embryos,  at  the  bottom  of  the  internal  median  fissure  of 
the  cerebellum  (figs.  30  and  43),  not  altogether  unlike  that  which  appears 
in  the  depths  of  the  sulcus  centralis  of  the  floor  of  the  ventricle. 

The  extraordinary  uniformity  in  the  architecture  of  the  whole  of  the 
hind-brain  in  the  youngest  embryo  recalls  the  question  as  to  whether  a 
division  of  the  rhombencephalon  into  two  distinct  segments,  as  originally 
suggested  by  v.  Baer,  is  based  upon  altogether  good  morphological  grounds. 

Edinger*s  assertion  that  the  cerebellum  is  in  the  highest  probability 
one  of  the  oldest  segments  of  the  brain  (32)  does  not  remove  the  impression, 
gained  from  an  examination  of  the  literature,  that  it  is  fundamentally 
merely  a  continuation  of  the  posterior  part  of  the  rhombencephalon;  or, 
as  Spitzka  has  expressed  it,  a  dorsal  hypertrophy  of  the  hind-brain. 

That  the  cerebellum  of  the  lower  animals  is  mainly,  if  not  entirely 
commissural  has  been  shown  by  the  researches  of  Burckhardt  (on  Pro- 
topterus  (33) ),  Osborn  (on  Cryptobranchus  and  Amphiuma  (34)  ),  Fish  (on 
Desmognathus  (35)  ),  Kingsbury  (on  Necturus  (36) ),  and  others.  This  leads 
to  the  deduction  that,  in  its  original  form,  the  cerebellum  was  not  an 
important  nerve-centre  ;  its  subsequent  attainment  to  a  high  morphological 
position  being  due  to  an  augmentation  in  volume  and  an  elaboration  of 
structure  rendered  necessary  by  physiological  specialisation. 

The  structural  continuity  of  medulla  and  cerebellum  lends  support  to 
the  hypothesis  that  they  are  merely  difierent  parts  of  one  and  the  same 
brain  segment.  In  1888,  Goronowitsch  (29)  made  the  statement  that,  in 
Acipenser,  the  molecular  layer  of  the  cerebellum  (with  cells  of  Purkinje)  is 
continued  over  the  tuberculum  acusticum  as  a  crest,  to  which  he  gave  the 
name  of  "  Cerebellarleiste."  A  like  condition  has  been  found  to  obtain  in 
Amia  (Kingsbury  (37)),  Acipenser  rubicundus  (Johnston  (38)),  Mustelus 
(Houser  (39)),  and  Petromyzon  (Johnston  (40)).  Johnstcjn  in  particular 
is  very  earnest  in  his  insistence  upon  "  the  morphological  unity  of  the  dorsal 
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horn,  acusticuni,  and  cerebellum  " :  a  unity  rendering  a  dividing  line  between 
the  cerebellum  and  tuberculum  acusticum  an  impossibility. 

The  relationship  between  the  acusticum  and  cerebellum  is  further  shown 
by  the  fact  that  the  N.  acusticus  has  an  end-station  in  both.  This  has  been 
demonstrated  by  a  multiplicity  of  observations  on  all  classes  of  vertebrates. 
Of  those  to  whom  we  owe  knowledge  of  this  fact  may  be  mentioned  Mayser 
(41),  Goronowitsch  (29),  Johnston  (38  and  40),  Koppen  (42),  Edinger  (43), 
Sala  (44),  Brandis  (45),  and  Wallenberg  (46).  Even  in  Man  himself,  in 
whom  the  cerebellum  has  become  most  highly  specialised,  the  vestibular 
nerve  sends  fibres  into  the  cerebellum. 

In  view  of  the  facts  which  have  been  accumulated,  and  which  are  still 
rapidly  accumulating,  there  seems  good  reason  for  considering  the  cere- 
bellum and  medulla  as  part  of  one  segment  of  the  brain,  even  if  we  do  not 
go  so  far  as  Haller  (47)  and  say  that  beyond  doubt  the  "  Cerebellarleiste  " 
and  its  associated  cerebellum  have  developed  from  the  outer  sensory  region 
of  the  medulla  oblongata — thus  reducing  the  cerebellum  to  the  level  of  a 
mere  appendage  to  the  medulla.  That  even  the  latter  and  more  extreme 
conclusion  is  justified  by  some — not  to  say  many — facts  may,  however,  be 
readily  contended. 

The  problem  being  one  of  much  complexity,  and  further  evidence  being 
still  needed  for  its  solution,  it  may  be  well  to  suspend  judgment  and  await 
further  developments ;  concluding  with  Wilder  (48)  that  there  is  no  reason 
why  we  should  not  go  on  "  entertaining  and  employing,  as  a  convenient 
*  working  hyjyothesisy^  the  interpretation  made  by  v.  Baer  and  accepted  by 
the  majority  of  later  authorities  upon  the  subject,"  at  the  same  time  re- 
maining alive  to  the  possibility  that  the  division  of  the  rhombencephalon 
into  two  segments,  though'  convenient,  may  not  be  strictly  scientific. 

The  Foramen  of  Majendie. 

A  figure  given  by  His  (fig.  33  (49) )  shows  the  roof  of  the  embryonic 
fourth  ventricle  to  be  of  the  same  thickness  throughout.  In  the  process  of 
development  a  relative  thinning  takes  place,  and  it  seems  probable  that,  in 
some  mammals  at  least,  this  continues  until  an  actual  break  occurs  at  certain 
points  of  the  roof,  whereby  the  cavity  of  the  ventricle  is  placed  in  com- 
munication with  the  sub-arachnoid  space.  That  such  a  communication  is 
established  in  Man  and  the  higher  apes,  at  least,  appears  to  have  been 
proved  beyond  doubt  by  careful  work  recently  undertaken.  Whether  all 
the  apertures  found  in  Man  occur  with  the  same  regularity  in  all  mammals 
has  not  been  so  clearly  demonstrated.     The  older  methods  of  research  were 

^  The  italics  are  not  in  the  original. 
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not  such  as  lent  themselves  to  proving  or  disproving  the  existence  of  small 
apertures  in  so  delicate  a  membrane  as  that  which  closes  in  the  fourth 
ventricle.  So  long  as  the  only  method  employed  was  that  of  ordinary 
dissection  it  was  only  natural  that  different  observers  should  arrive  at 
diiFerent  conclusions,  the  amount  of  tension  requisite  for  the  production 
of  an  artificial  opening  being  so  very  small.  Even  when  the  process  of 
embedding  and  cutting  sections  in  paraffin  or  celloidin  is  used  the  results 
may  be  untrustworthy  if  there  has  been  any  roughness  indulged  in  during 
the  extraction  of  the  brain  from  the  cranium. 

The  only  way  in  which  all  danger  of  producing  artifacts  can  be  obviated 
is  by  embedding  and  cutting  the  whole  head — a  matter  of  obvious  difficulty 
in  the  case  of  the  larger  animals.  Embryos  lend  themselves  much  more 
readily  to  this  method  than  do  adult  animals.  But  in  the  case  of  the  use 
of  embryonic  material,  negative  evidence  is  of  greatly  less  value  than  posi- 
tive. If  there  be  no  opening  in  the  embryo,  it  does  not  follow  that  there 
should  also  '^e  none  in  the  adult :  it  is  easily  conceivable  that  an  inter- 
communication between  the  ventricle  and  the  sub-arachnoid  space  may 
be  formed  after  birth.  If,  however,  an  opening  is  found  to  be  present  in  the 
embryo  there  is  a  strong  probability  of  its  being  present  in  the  adult  also. 

In  the  early  part  of  last  century  Burdach  (50)  described  the  hinder  end 
of  the  roof  of  the  fourth  ventricle  as  being  perfectly  closed.  But,  in  1842, 
Majendie  (51)  pointed  out  that  there  is  normally  and  constantly  an  opening 
in  the  roof  of  the  human  ventricle ;  this  foramen  being  bounded  by  the 
choroid  plexus  and  the  posterior  medullary  velum,  and  its  size  differing 
very  much  in  different  individuals. 

Since  1842  conflicting  opinions  have  been  expressed  as  to  whether  the 
foramen  of  Majendie  is  an  entity  or  a  chimera.  Virchow  (52)  denied  the 
existence  of  any  connection  between  the  ventricle  and  the  sub-arachnoid 
space.  Luschka  (53)  succeeded  in  finding  an  opening  in  the  tela  choroidea 
inferior  of  Man,  but  added  that  in  many  animals  the  ventricle  is  closed.  In 
1861,  Reichert  (54)  averred  that  the  foramen  is  only  produced  during  the 
process  of  removal  and  manipulation  of  the  brain ;  w^hereas,  in  the  same 
year,  Kollmann  (25^  not  only  described  the  opening  as  being  natural,  but 
also  stated  in  what  manner  it  is  bounded. 

Quincke  (55)  saw  in  the  foramen  a  very  variable  and  not  always 
demonstrable  opening  in  the  connective  tiasue  of  the  roof  of  the  ventricle, 
Key  and  Retzius  (56)  examined  100  human  brains  and  found  a  foramen  of 
Majendie  in  98  of  them.  S^e  (57)  declared  himself  on  the  side  of  thase 
who  denied  the  existence  of  the  foramen,  and  stated  reasons  for  his  attitude. 
It  is  exceedingly  easy,  he  said,  to  tear  the  fine  membranous  roof  of  the 
ventricle  during  the  removal  of  the  brain ;  in  several  animals,  e.g.  horse, 
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goat,  etc.,  it  has  been  shown  that  the  ventricle  is  closed,  and  the  overfilling 
and  distension  of  the  ventricle,  as  the  consequence  of  pathological  processes, 
is  not  reconcilable  with  the  acceptance  of  the  presence  of  an  opening. 
KoUiker  (9)  held  that  there  is  complete  closure  of  the  ventricle  in  the 
embryo,  and  that  this  is  the  rule  in  the  adult  also.  The  foramen  of 
Majendie,  when  present,  he  said,  is  no  regular  structure. 

In  1885  the  problem  was  attacked  by  Hess  (58).  He  examined  the 
brain  of  thirty  adult  human  beings,  ten  new-born  children,  and  seven 
embryos  of  different  ages.  In  only  one  instance  did  he  fail  to  find  an 
opening.  He  came  to  the  conclusion,  therefore,  that  the  foramen  is  con- 
stant in  man.  He  thought  that  it  is  possible  that  there  is  always  an 
opening  in  the  roof  of  the  embryonic  ventricle,  since  at  five  months  the 
aperture  is  wide.     He  also  found  a  foramen  in  the  embryo  of  the  cat. 

Later  observations  by  Wilder  (59),  Morton  (60),  Jacobi  (61),  Kohlmann 
(02),  and  others  appear  to  indicate  that  the  foramen  as  described  by 
Majendie  is  a  natural  opening  in  Man  at  least.  Cannieu  (63)  is  not  so 
sure  of  the  presence  of  a  natural  and  normal  opening  in  the  lower  animals. 

The  subject  has  received  very  careful  attention  at  the  hands  of  Blake 
(12),  whose  results  were  published  in  1900.  He  describes  a  protrusion 
of  the  roof  of  the  ventricle  in  the  form  of  a  glove-finger-like  projection, 
which  remains  closed  in  the  majority  of  mammals  but  becomes  an  opening 
in  Man  and  the  anthropoid  apes. 

In  the  pig  there  is  little  that  is  remarkable  in  the  changes  which  occur 
in  the  roof  of  the  ventricle  before  the  embryo  has  attained  a  length  of 
50  mm.  The  only  point  which  needs  mention  is  the  relative  thickness  of 
the  roof  in  different  regions.  In  all  the  younger  embryos  (except  that 
of  19  days)  an  oval  patch  of  the  membranous  roof  differs  from  the  rest 
in  being  noticeably  much  thinner.  This  occurs  about  the  centre  of  the 
"  Rautenfeld,"  and  can  be  distinguished  as  early  as  the  twenty-second  day. 
It  is  not  due  to  a  reduction  in  the  number  of  the  layers  of  cells  forming 
the  membrane  but  rather  to  a  flattening  of  the  individual  cells;  for  the 
zone  immediately  surrounding  the  patch  is  provided  with  no  more  than 
one  layer  of  cells,  thus  agreeing  in  constitution  with  the  patch  itself. 

Transverse  sections  through  the  "  closed "  part  of  the  medulla  of  an 
80-mm.  embryo  show  a  backward  extension  of  the  cavity  of  the  ventricle 
into  a  membranous  cul-de-sac  which  lies  on  the  dorsal  surface  of  the 
medulla.  At  this  stage  the  cul-de-sac  is  closely  applied  to  the  medulla, 
to  which  it  is  adherent ;  its'  extent,  in  a  sagittal  direction  partly  and 
in  a  lateral  direction  entirely,  corresponds  to  a  triangular  area  formed 
by  the  coalesced  rhombic  lips  (fig.  46).  A  younger  embryo  (52  mm.)  shows 
the  commencement  of  the  condition.     It  is  evident  that,  as  the  rhombic 
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lips  fuse  together,  there  is  not  a  corresponding  diminution  in  the  antero- 
posterior diameter  of  the  roof  of  the  ventricle;  the  "closed"  medulla 
rather,  in  a  sense,  burrowing  under  the  roof  and  so  causing  a  cul-de-sac. 

The  backward  continuation  of  the  cavity  of  the  ventricle  is  very 
definite  in  a  100-mm.  embryo.  Its  form  may  be  well  likened  to  that 
of  a  finger  of  a  glove.  It  extends  farther  back  than  the  caudal  limit 
of  the  area  produced  by  the  fusion  of  the  rhombic  lips,  and  it  is  now  free, 
its  caudal  extremity  being  some ,  distance  removed  from  the  surface  of  the 
medulla  (fig.  52). 

A  150-mm.  embryo  shows  the  same  kind  of  protrusion,  but  much  better 
developed.  It  now  extends  backwards  almost  to  a  level  with  the  most 
caudal  part  of  the  cerebellum,  and  is,  posteriorly,  in  even  closer  relation 
with  the  cerebellum  than  with  the  medulla.  Although  the  walls  of  this 
caudal  protrusion  are  thin,  there  is  no  indication  of  a  foramen  of  Majendie. 

The  embryo  of  the  pig,  therefore,  corroborates  the  statement  made  by 
Blake.  And,  it  may  be  added,  a  careful  examination  of  the  adult  brain 
leads  one  to  assert  that  the  protrusion  never  becomes  an  opening. 

Openings  in  the  Lateral  Recesses. 

Although  Bockdalek  (64),  in  1849,  stated  that  the  choroid  plexus  lies  free 
under  the  arachnoid  mater  in  the  region  of  the  "  FuUhom,"  the  description 
he  gave  was  not  such  as  to  cause  modern  morphologists  to  associate  his 
name  with  the  opening  in  the  lateral  recess  of  the  fourth  ventricle. 

Luschka  (53),  some  years  after  the  publication  of  Bockdalek's  paper, 
described  the  outer  angle  of  the  ventricle  as  standing  in  connection  with 
the  sub-arachnoid  space,  and  the  lateral  part  of  the  choroid  plexus  as  lying 
free  under  the  arachnoid.  This,  however,  was  not  supported  by  Reichert 
(54),  who,  after  a  minute  description  of  the  choroid  plexus,  concluded 
with  the  declaration  that  there  is  a  membranous  closure  of  the  lateral 
recess  of  the  ventricle. 

There  seems  little  doubt  that  to  Key  and  Retzius  (56)  should  be  given 
the  credit  of  having  provided  the  first  clear  and  detailed  description  of 
the  connection  of  the  cavity  of  the  ventricle  with  the  sub-arachnoid  space 
through  the  intermediation  of  an  aperture  in  the  lateral  angle  of  the 
ventricle.  Out  of  100  human  brains  examined  by  them  the  communication 
was  found  in  all  but  three. 

Kolliker  (9)  expressed  himself  as  convinced  that  the  openings  are  even 
less  of  regular  structures  than  the  foramen  of  Majendie,  which,  as  previously 
mentioned,  he  held  to  be  usually  absent.  Heas  (58)  concluded  that  the 
apertures  are   constant  in   man.     Bland  Sutton  (65)  attached  great  im- 
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portanee  to  the  openings,  and  stated  it  as  his  opinion  that  their  complete 
absence,  or  their  closure  before  or  after  birth,  leads  to  pathological  results. 

Morton  (60)  and  Jacobi  (61)  have  averred  that  the  openings  are  normal 
and  always  present,  whereas  Cannieu  (63)  casts  doubt  on  their  natural 
occurrence  in  the  lower  animals. 

Blake  (12)  included  the  considerations  of  these  openings  in  the  paper 
to  which  reference  has  already  been  made.  The  results  of  his  investiga- 
tions are  of  great  interest,  since  they  indicate  that  the  openings  are  always 
present  in  mammals,  and  are  even  larger  in  the  lower  animals  than  in 
Man.  It  would  appear  that  there  is  a  kind  of  compensatory  development. 
When  the  foramen  of  Majendie  is  absent  the  openingis  in  the  lateral 
recesses  are  larger  than  when  the  foramen  is  present. 

The  first  radiments  of  lateral  recesses  occur  in  the  15-mm.  embryo  of 
the  pig,  i.e.  in  the  same  specimen  in  which  a  rhombic  lip  is  first  observed. 
From  this  stage  onwards  the  recess  is  bounded  ventrally  by  the  rhombic 
lip.  Its  caudal  boundary  is  very  indefinite  in  the  15-mm.  embryo,  but  in 
the  next  older  specimen  (23  mm.)  this  limit  is  clearly  formed,  for  now  the 
recess  has  a  greater  antero-posterior  diameter  than  has  the  opening  from 
it  into  the  body  of  the  ventricle.  It  extends  farther  back,  as  well  as 
farther  forward,  than  the  level  of  the  bounds  of  the  opening  into  it ;  there 
has  been,  therefore,  a  bulging  backwards  of  the  caudal  wall  of  the  recess. 
The  disparity  between  the  antero-posterior  measurements  of  the  recess 
and  of  its  opening  into  the  ventricle  becomes  exaggerated  as  development 
proceeds. 

As  early  as  the  23-mm.  stage  the  choroid  plexus  has  invaded  the  recess 
(fig.  18).  In  the  25-mm.  embryo,  that  part  of  the  plexus  which  invaginates 
the  outer  wall  of  the  recess  is  more  anterior  in  position  than  the  portion 
of  it  which  belongs  to  the  ventricle  itself.  Later,  the  median  part  of  the 
plexus  gi-ows  at  a  greater  rate  than  the  lateral  portion. 

A  very  important  process  begins  in  the  80-mm.  embryo.  The  most 
posterior  part  of  the  recess  in  this  specimen  has  very  attenuated  walls, 
consisting  solely  of  very  thin  epithelium,  which,  over  blood-vessels  especially, 
can  scarcely  be  said  to  be  perfectly  continuous  (fig.  50).  There  is,  however, 
as  yet  no  definite  discontinuity  of  the  epithelium.  The  rest  of  the  wall 
of  the  recess  is  composed  of  thick  nervous  tissue  except  along  the  line  of 
invagination  produced  by  the  choroid  plexus  (fig.  51). 

In  the  100-mm.  embryo  there  is  a  wide  area  in  the  most  posterior  part 
of  the  posterior  end  of  the  recess  from  wliich  the  epithelium  has  entirely 
disappeared.  In  fig.  56  the  termination  of  the  epithelium  is  shown  to 
occur  abruptly,  the  contour  of  the  recess  remaining  imperfectly  preserved 
by  loose  and  delicate  connective  tissue.     In  some  sections  from  the  same 
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embryo  this  tissue  is  more  scanty  and  interrupted  than  in  the  one  bom 
which  the  figure  was  made. 

The  break  in  the  wall  of  the  recess  is  complete  in  the  150-mm.  embryo 
(fig.  63),  and  the  communication  between  the  caA-ity  of  the  ventricle  and 
the  sub-arachnoid  space  Is  fully  established.  Sections  taken  farther  back 
tlian  the  one  illustrated  in  the  figure  show  the  choroid  plexus  hnng  free 
in  the  sub-arachnoid  space  at  some  distance  posterior  to  the  caudal  end  of 
the  rec<;ss.  It  seems  worthy  of  note  that  the  break  in  the  wall  does  not 
occur  along  the  line  of  invagination  of  the  choroid  plexus.  Both  tig.  56 
(lOO-mm.  embrj'o)  and  fig.  63  (150-mm.  embryo)  show  that  the  opening 
has  been  prrxluced  by  a  thinning  of  the  lower  part  of  the  outer  wall  of 
the  recess. 

The  embryo  of  the  pig,  then,  lends  confirmation  to  the  statement  as 
made  by  Blake  that,  while  the  foramen  of  Majendie  is  wanting  in  the 
lower  animals,  openings  of  large  size  exist  in  the  lateral  recesses. 
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EXPLANATION   OF  FIGURES. ^ 

The  outlines  of  all  the  figures  representing  sections  were  made  by  means  of  a 
Leitz  camera  lucida. 

The  figures  illustrating  sections  are  arranged  so  that  the  first  figure  belonging  to 
one  particular  embryo  represents  the  most  posterior  section  ;  the  last  figure  of  the 
series  representing  the  most  anterior. 

The  following  reference  lettering  is  common  to  all  the  figures : — 


a,c.  ala  cinerea. 
a.l.  alar  lamina. 
a.m,v.  anterior  medullary  velum. 
a,p,  area  postrema. 
h,  backward  projection    of   the 
roof  of  the  fourth  ventricle. 
bj.  basal  lamina. 
hl.vs,  blood-vessels. 
cb.  cerebellum, 
c.r.  central  canal. 
c.v.  cerebellar  ventricle. 
ch.pl.  choroid  plexus. 
d.ni.  dura  mater. 
Jioc.  flocculus. 
f.s.  fasciculus  solitarius. 
f.sp.  funiculus  separans. 


fw.  Fliigelwulst. 

li.b.  hind-brain. 

I.r.  lateral  recess. 

7)i.b.  mid-bmin. 

nX.  etc.  nucleus    of    X    etc.    cranial 
nerve. 

nb.  obex. 

o.v.  otic  vesicle. 

pjl.  paraflocculus. 

p.vi.v.  posterior  medullary  velum. 

r.l,  rhombic  lip. 

s-a.s.  subarachnoid  space. 

I,  2,  3,  etc  1st,    2nd,    3rd,    etc.,    neuro- 

meral  grooves. 

V.  etc.  V.  etc.  cranial  nerves. 


Figs.  47-51.  80  mm.  embryo.  Transverse  sections  through  the  hind-])rain. 
Fig.  50  passes  through  the  posterior  part  of  the  lateral  recess. 

Figs.  52-5S.  100  mm.  embryo.  Transverse  sections  through  the  hind-brain. 
Figs.  53-55  illustrate  the  rliombic  lip.  Figs  56  and  57  pass  through  the  lateral 
recess.     Fig.  58  shows  the  cerebellar  ventricle. 

Figs.  59-64.  150  mm.  embryo.  Transverse  sections  through  the  hind-brain. 
Figs.  59-62  illustrate  the  rhombic  lip.  Figs.  63  and  64  pass  through  tlie  lateral 
recess. 

'  The  cost  of  reproduction  of  the  figures  has  been  defrayed  by  tlie  ("arnegie  Tmst  for  the 
Univei-sities  of  Scotland. 
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A  STUDY  OF  THE  ASTRAGALUS.  By  B.  B.  Seymour  Sewell. 
B.A.,  Chrint'e  CoUeyf,  CambAdge,  FdUno  of  tlie  AitthropoliXficul 
Iwititule. 

Part  IV. 

The  Caput. 
The  ciiput,  or  head  of  the  astragalus,  comprises  all  the  smooth  articular 
portion  of  tlie  bone  lying  anterior  to  the  neck. 

In  shape  thia  surface  is,  a.s  has  been  pointed  out  by  Barclay  Smith 
(2),  of  an  elHpsoidal  character,  and  in  consetjuence  the  astragalo-calcaneo- 
navicular  joint  must  he  placed  among  the  cond ylarth roses :  in  the  Egyptian 
astragalus  the  long  axis  of  the  head,  around  which  movement  takes  place. 


Vvi.  29,  —Anterior  end  of  astragalus— showing  the  inclination  of  the  long  axis  of  the  oa[mt 
lu  tlie  harimntal  plane  of  the  truclilear  Euriocp.     n.  Human  ;  b,  Orang  utan. 

passes  from  above  and  to  the  outer  side  downwards  and  inwards  at  an 
angle  of  approximately  45*  with  the  transverse  plane  of  the  trochlear 
surface ;  hut  when  we  come  to  the  consideration  of  this  axis  in  the  astragali 
of  the  anthropoid  apes  we  meet  witli  a  considerable  difference,  for  in  these 
animals  the  long  axis  of  the  joint  is  much  more  nearly  parallel  with  the 
trochlear  plane. 

Aeby  (1)  has  pointed  out  that  the  value  of  this  angle  increa-ses  as  we 
pass  fi'om  the  anthropoid  apes  to  man,  and  I  have  since  been  able  to 
contirm  thia 
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I  have  also  found  that  we  meet  with  differences  in  respect  of  this  angle 
in  different  human  races.  Thus  in  the  Egyptian  the  angle  has  on  the 
average  a  value  of  435°,  whereas  the  average  value  obtained  from  thirty- 
five  specimens  from  Borneo  was  only  41°. 

These  varying  values  can  be  arranged  in  order  of  magnitude  as 
follows : — 


Orang  (young)   . 

Human  (foetus)  . 

Orang  (adult)     . 

Gorilla 

Human  adult  (Borneo 

Human  adult  (Egypt 


) 


an) 


8° 
10^ 
12^ 
12° 
41° 
43-5° 


It  is  evident,  therefore,  that  during  the  process  of  eversion  of  the  foot 
the  line  of  articulation  of  the  caput  tali  has  been  rotated  in  the  manner 
show^n. 

We  also  meet  with  very  considerable  variation  in  the  value  of  this 
angle  in  individual  specimens.  Thus  in  the  Egyptian  series  of  bones 
in  No.  642  tlie  angle  measured  62°,  whereas  in  No.  502  it  was  only 
25° ;  and  in  the  collection  of  bones  from  Borneo  we  find  almost  as  great 
variations — No.  2  presenting  an  angle  of  59°  while  in  No.  33  the  value 
was  only  26°. 

The  surface  of  the  caput  is  subdivided  into  several  articular  facets, 
although  the  facility  with  which  the  various  surfaces  can  be  recognised, 
varies  to  a  very  considerable  extent  in  different  specimens ;  thus  in  some 
cases  the  facets  are  separated  from  one  another  by  low  intervening  ridges, 
whereas  in  others  all  trace  of  separation  is  lost  and  the  whole  caput 
presents  a  uniformly  smooth  surface. 

Turning  now  to  the  consideration  of  the  individual  facets,  the  first 
which  we  will  study  is  the  fdcieH  nHicvlaris  lUtvicnlaTis, 

This  facet  occupies  the  most  anterior  portion  of  the  caput :  in  outline 
it  is  roughly  oval,  its  long  axis  corresponding  fairly  clasely  with  the 
direction  of  the  long  axis  of  the  caput. 

The  articular  surface  presents  a  convex  curvature  in  both  the  long  and 
the  short  axes  of  the  fa<jet. 

Above  and  to  the  outer  side  the  facet  is  usually  sharply  marked  off 
from  the  roughened  surface  of  the  collum  tali,  but  in  those  cases  in  which 
a  well-marked  processus  trochlearis  is  present  on  the  upper  surface  of  the 
neck  the  articular  surface  may  be  continued  on  to  its  anterior  aspect ; 
or,  again,  in  rare  cases  we  find  that  the  facet  is  prolonged  backwards 
along  the  smooth  external  margin  of  the  collum  so  as  almost  to  meet  the 
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trochlear  surface  on  the  corpus — a  condition  of  which  I  have  only  succeeded 
in  obtaining  two  examples,  Nos.  122  and  754. 

Internally  and  above,  the  edge  of  the  articular  surface  is,  as  a  rule, 
somewhat  bevelled  off,  thus  providing  a  smooth  surface,  over  which  the 
ligamentum  talo-navicularis  profundum  glides. 

We  may  occasionally  find  a  specimen  in  which  the  articular  surface  is 
prolonged  backwards  on  the  medial  aspect  of  the  coUum  tali :  and  in  one 
case,  No.  767,  it  reached  back  as  far  as  the  facies  malleolaris  medialis, 
thus  completely  obliterating  the  medial  portion  of  the  neck  of  the  bone. 

Below  and  to  the  inner  side  the  facet  becomes  continuous  with  the 
other  articular  surfaces  of  the  caput,  the  lines  of  separation  being  as  a 
rule  merely  indicated  by  low  articular  ridges,  which  are  not  usually  very 
distinct,  but  in  certain  specimens  are  very  well  marked. 

At  the  inner  border  of  this  facet  we  meet  with  two  distinct  conditions ; 
in  the  majority  of  cases — i,e,  in  about  60  per  cent. — the  margin  of  the 
articular  surface  becomes  continuous  with  the  margin  of  the  facet  for  the 
tendon  of  the  tibialis  posticus  muscle,  forming  a  uniform  curve,  whereas 
in  the  other  40  per  cent,  of  the  specimens  examined  this  margin  is  inter- 
rupted by  a  well-marked  notch  which  runs  downwards  and  forwards  for 
some  short  distance  between  the  two  facets. 

The  inferior  or  ventral  portion  of  the  caput  is  occupied  by  two  articular 
surfaces — the  facies  articularis  calcanea  anterior  externally,  and  the  facet 
for  the  ligamentum  calcaneo-naviculare  inf erius  internally. 

Facies  Articvlavis  Calcanea  Anterior. — This  facet  is  usually  somewhat 
irregularly  oval  in  outline,  but  it  varies  through  a  considerable  range  both 
in  its  shape  and  size.  The  surface  anteriorly  and  above  is  separated  from 
the  facies  articularis  navicularis  by,  as  a  general  rule,  only  an  indistinct 
low  ridge,  but  in  certain  cases  we  find  that  these  two  surfaces  are 
separated  off  very  distinctly  from  one  another,  the  angle  between  them 
being  nearly  a  right  angle.  This  seems  to  be  particularly  the  case  in 
those  specimens  in  which  the  facies  articulares  calcanese  anterior  et 
media  are  fused  together  to  form  a  single  articular  surface. 

Externally  and  somewhat  posteriorly  the  facet  is  sharply  marked  off 
from  the  roughened  surface  of  the  sinus  tarsi  by  a  prominent  and 
frequently  somewhat  overhanging  border. 

At  its  antero-internal  margin  it  is  only  separated  from  the  facet  for 
the  ligamentum  calcaneo-naviculare  inf  erius  by  an  indistinct  ridge,  while 
posteriorly  it  is  only  indistinctly  marked  off  from  the  facies  articularis 
calcanea  media  of  the  coUum  tali — the  two  surfaces  meeting  at  a  wide 
angle. 

Occasionally,  however,  the  angle  at  which  these  two  surfaces  meet  is 


A  Study  of  the  Astragalus  165 

much  smaller,  and  in  such  cases  the  two  facets  are  very  distinctly  marked 
off  from  one  another. 

As  I  have  already  pointed  out,  we  occasionally  come  across  a  specimen 
in  which  the  rough  internal  or  external,  or  more  rarely  both,  aspects  of 
the  coUum  tali  are  prolonged  between  these  two  articular  surfaces,  so  as  to 
separate  them  either  partially  or  entirely  by  a  narrow  band  of  rough 
bone ;  this  condition  I  have  found  to  be  present  in  about  2  per  cent,  of  the 
specimens  which  I  have  examined. 

As  Barclay  Smith  has  shown  (2),  there  is  present  in  the  astragalo- 
calcaneo-navicular  joint  a  small  interarticular  ligament,  which  runs  from 
the  head  of  the  astragalus  to  become  attached  to  the  ligamentum  calcaneo- 
naviculare  inferius,  and  when  it  is  well  developed  this  notch  or  groove 
between  the  anterior  and  middle  calcaneal  facets  serves  to  give  attachment 
to  the  fibrous  band. 

One  not  infrequently  comes  across  a  specimen  which  presents  the 
extreme  opposite  condition;  in  such  cases  all  trace  of  any  distinction 
between  these  two  facets  is  completely  lost,  and  one  then  gets  a  single 
elongated  articular  surface,  reaching  from  the  facies  articularis  navicularis 
in  front  to  the  sulcus  interarticularis  behind. 

In  rare  instances  we  find  that  the  facies  articularis  calcanea  anterior  is 
absent  altogether.  Such  a  condition  existed  in  six  cases — Nos.  193,  201,  572, 
877,  910,  931.  In  these  bones  the  rough  external  aspect  of  the  collum 
extended  forwards  and  inwards  as  far  as  the  facet  for  the  ligamentum 
calcaneo-naviculare  inferius,  which  was  usually  in  these  cases  somewhat 
increased  in  size  (vide  fig.  29). 

With  regard  to  the  articular  surface,  it  is  found  that  in  the  coronal 
plane,  i.e.  from  side  to  side,  it  usually  presents  a  slight  convexity,  but 
occasionally  we  come  across  a  specimen  which  possesses  a  concavo-convex 
curvature,  the  outer  part  of  the  facet  being  convex  while  the  inner  portion 
is  concave.  In  the  sagittal  plane  the  curv^ature  is  found  to  vary  consider- 
ably— more  commonly  the  surface  is  either  flat  or  slightly  concave,  and  in 
a  few  cases  a  well-marked  degree  of  concavity  is  present ;  in  other  speci- 
mens, however,  the  surface  presents  a  slight  though  well-marked  convex 
curvature. 

Face^  for  the  Tevdov  of  the  Tibialis  Fosticits  Muscle. — This  articular 
surface  was  first  described  by  Fawcett  (4).  Previous  to  this,  it  had  always 
been  regarded  as  part  of  the  facet  for  the  ligamentum  calcaneo-naviculare 
inferius,  but,  as  this  observer  has  pointed  out,  over  the  inner  side  of 
the  caput  of  the  astragalus  this  ligament  is  "  so  thin  that  it  could  scarcely 
cause  so  well-marked  a  facet,"  and  hence  we  must  look  for  some  other 
cause.     This,  according  to  Fawcett,  is  to  be  be  found  in  the  tendon  of  the 
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tibialis  posticus  muscle,  "  which  runs  downwards  and  forwards  by  the  side 
of  the  head  of  the  astragalus,"  being  separated  from  it  merely  by  the  thin 
lateral  margin  of  the  ligament. 

The  facet  is  roughly  quadrilateral  in  shape  and  presents  two  curvatures, 
being  slightly  concave  from  above  downwards  and  convex  from  side  to  side. 

Anteriorly  the  articular  surface  is  bounded  by  the  faeies  articularis 
navicularis,  and  posteriorly  by  the  faeies  articularis  calcanea  media. 

Above  and  to  the  inner  side  the  facet  is  sharply  marked  otf  from  the 

Kaoet  tot  Btro-GuUlMD  uTlcDluii. 


oJcooM  niedu. 


Facias  art.  wlc.  poit. 

F[G.  30. — Nonns  basiUriii — shoving  itbsence  of  the  racies  articularis 

catcaiiea  anterior.     No.  201. 

rough  surface  of  the  eollum  tali,  and  we  not  infrequently  come  across 
a  speciroeu  in  whicli  this  rough  surface  is  prolonged  downwards  as  a  wide 
notch  between  this  facet  and  the  faeies  articularis  navicularis. 

Externally  and  below  the  articular  surface  is  bounded  by  the  facet 
foi'  the  ligamentum  calcaneo-naviculare  inferius,  being  usually  separated 
from  it  by  a  faint  ridge;  though  in  a  large  number  of  specimens  no  trace 
of  any  separation  can  be  seen,  the  two  facets  being  indistinguishably  blended 
together  to  form  a  single  articular  surface. 

As  Fawcett  has  pointed  out,  the  articular  cartilage  covering  these  two 
facets  is  very  soft  and  in  macerated   specimens  is  usually  wanting,  thus 
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leaving  rough  bare  bone ;  the  layer  of  compact  bone  which  forma  the  surface 
is  also  of  a  rather  delicate  nature,  and  in  a  large  nniuber  of  specimens  has 
been  broken  away. 

We  occasionally  meet  with  specimens  which  present  extra  accessory 
facets ;  these  articular  surfaces  are  of  two  kinds :  (a)  for  articulation  with 
the  cuboid  bone,  and  (6)  for  articulation  with  a  little  ossicle  known  aa  the 
calcaneus  secondarius. 

Facet  for  flie  Cvhoid  Bona. — The  occurrence  of  this  facet  has  been 
recorded  by  T.  Wardrop  Griffiths  (5)  and  by  Bland  Sutton  (3).     The  facet 

FMisa  arUcuUrli  navlcDliria. 


Fio.  31.—  Norma  b«Bil«riB— allowing  accpsaorj  facet  for  the  cuboid. 

is  of  veiy  rare  occurrence,  and  I  have  only  succeeded  in  finding  it  in  two 
specimens. 

In  shape  the  articular  surface  is  roughly  <]uadri lateral  (fig.  30),  and 
is  only  marked  off  to  a  verj'  slight  extent  from  the  rest  of  the  articular 
surface  of  the  caput. 

The  facet  is  situated  in  front  and  slightly  to  the  outer  side  of  the  facies 
articularis  calcanea  anterior,  which  is  somewhat  diminished  in  size  r  to  the 
inner  side  is  the  facet  for  the  ligamentum  calcaneo-naviculare  inferius,  and 
between  these  two  articular  surfaces  is  a  low  rounded  ridge,  while 
anteriorly  the  area  is  bounded  by  the  facies  articularis  navicularis, 
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In  one  specimen,  No.  493,  the  facies  articularis  calcanea  anterior  was 
reduced  very  considerably  in  aize  and  formed  merely  a  narrow  articular 
surface  in  front  of  the  facies  articularis  calcanea  media  (vide  fig.  31). 
In  front  of  this  narrow  facet  was  a  triangular  area  with  slightly  raised 
edges  and  a  smooth  concave  surface,  wliich  waa  perforated  by  several  small 
foramina. 

The  base  of  the  triangle  was  towards  the  outer  side  of  the  caput,  and 
here  the  facet  blended  with  the  rough  external  surface  of  the  coUum  tali. 


Faciei  acccBiorl 


Fig.  32.— Norma  basilnrifi— si  [owing  accessory  facet  probably  for  the  c^uboid.     No.  493. 

This  concave  area  was  apparently  for  articulation  with  some  other  part 
of  the  tarsal  skeleton ;  and  as  the  position  it  occupies  is  identical  with  that 
of  the  facet  for  the  cuboid,  I  am  inclined  to  think  that  it  must  have  been 
for  this  latter  bone,  though  the  articular  surface  differed  in  several 
particulars  from  the  conditions  usually  present  in  the  facet. 

Facet  fin-  Ike  CaliMiiei.is  Secoufhtnus  Ossiiit: — As  Professor  Pfitzner  (7) 
has  pointed  out,  this  assicle  is  situated  at  the  anterior  end  of  the  oa  calcis 
and  somewhat  to  the  outer  side,  and  was  present  in  2  per  cent,  of  the  feet 
examined. 

In  a  certain  number  of  cases  this  assicle  comes  in  contact  with  the  caput 
tali  and  gives  rise  to  an  articular  facet.     Such  a  facet  I  found  to  be  present 
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in  Eourteen  specimens— Nos.  20,  23,  436.  450,  501,  536,  612,  614,  660,  741, 
809,  810,  816,  969. 

In  all  the  cases  the  facet  was  roughly  rhomboidal  or  oval  in  shape  and 
was  situated  on  the  under  or  ventral  surface  of  the  caput  (vide  fig.  32), 
In  front,  the  articular  surface  abutted  on  the  facies  artieularis  navi- 
cularis;  to  the  inner  side  was  the  facet  for  the  ligamentum  calcaneo- 
naviculare  inferius,  wliile  to  the  outer  side  and  behind  the  area  was  limited 
by  the  facies  articulares  calcaneal  anterior  et  media  respectively. 

Facln  krtlcnlarig  niricularli. 
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fiG.  33.  — Ncirma  Wilurie  -shuwing  facet  Cor  the  calcaueus  secondariuH  ossicle.     No.  450. 

Architecture  of  tlie  Bone. — One  cannot  leave  the  subject  of  the  astragalus 
without  saying  a  few  words  with  regard  to  tlie  arrangement  of  the  lamella 
in  the  cancellous  tissue  of  the  bone. 

In  the  astragalus,  as  in  all  other  bones,  the  lamella  are  arranged  in 
definite  planes  corresponding  to  the  lines  of  force  which  act  upon  the 
various  surfaces. 

Taking  first  of  all  the  arrangement  in  the  corpus,  we  see  that  in  a 
transverse  vertical  section  two  sets  of  lamellje  can  be  distinguished — («)  a 
vertical  and  (b)  a  horizontal  set.  grossing  one  another  at  right  angles. 

The  vertical  set  run  in  the  sagittal  plane  from  the  trochlear  surface 
above  downwards  to  the  facies  artieularis  calcanea  posterior,  and  thus  serve 
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to  transmit  the  weight  of  the  body  from  the  tibia  above  to  the  oh  calcis 
below. 

The  horizontal  set  of  lamella  runs  from  side  to  aide  of  the  bone,  thus 
atrengthening  the  two  malleolar  facets  aud  at  the  same  time  supporting  the 
vertical  set. 


Fl<i.  34, — !4howing  the  umtngement  of  the  lomellie  in  a  traas-BGctinn 
through  the  corpus. 

Tuining  now  to  a  section  of  the  bone  in  the  sagittal  plane  we  see  that 
the  superficial  compact  bone  is  specially  thickened  in  two  regions— at  the 
portion  of  the  bone  on  the  under  surface  that  form.s  the  roof  of  the  sulcus 
interarticularis,  and  at  the  neck  on  the  upper  surface.     The  horizontal  set 


Frn.  35. — Showing  the  aiTBiigenLeiit  of  the  lamelhe  iti  a  s^ttal  section 
througli  the  astragaluB. 

of  lamellie  which  we  observed  in  the  previous  section,  we  now  see  to  be 
running  froui  the  trochlear  surface  forwards  and  downwards  through  the 
neck  to  end  mainly  in  the  upper  part  of  the  facies  articularis  navicularis ; 
in  the  neck  region  this  set  is  reinforced  by  a  series  of  strong  lamellae,  which 
arises  fiom  the  specially  thickened  layer  of  compact  bone  which  we  have 
aheady  mentioned. 

In  the  neck  and  head  region  we  also  get  another  set  of  lamella,  which 


A  Study  of  the  Astragalus  161 

in  a  sagittal  section  are  seen  cut  across:  these  start  from  the  facies 
articularis  calcanea  media  on  the  under-surface  of  the  neck,  and  curve 
upwards  and  forwards  and  finally  end  in  the  lower  portion  of  the  facies 
articularis  navicularis. 

Just  above  the  sulcus  interarticularis  the  cancellous  tissue  is  of  a 
comparatively  open  character. 

As  has  been  pointed  out  by  Sir  George  Humphry  (6),  the  consideration 
of  the  arrangement  of  lamellae  in  the  astragalus  leads  one  to  conclude  that 
the  weight  of  the  body  is  transmitted  either  downwards  and  backwards  on 
to  the  OS  calcis,  or  forwards  to  the  navicular,  and  that  very  little  of  the 
weight  falls  on  that  part  of  the  head  which  is  supported  only  by  the  liga- 
mentum  calcaneo-naviculare  inf erius  and  the  tendon  of  the  tibialis  posticus. 

In  conclusion,  I  wish  to  record  my  sincerest  thanks  to  Professor 
Macalister,  who  has  given  me  considerable  assistance  during  this  work,  and 
also  to  Dr  W.  L.  H.  Duckworth  and  Mr  Oldfield  Thomas,  who  have  kindly 
permitted  me  to  examine  the  anthropoid  astragali  in  the  various  collections 
under  their  charge. 
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THE  ARRANGEMENT  OF  THE  ELASTIC  FIBRES  IN  THE  BRONCHI 
AND  LUNG.  By  James  Miller,  D.Sc.,  M.D.,  KRC.P.EcL,  Sjyecial 
Lectwrer  on  Bacteiriology  in  tJve  University  of  Birmingliain. 

Since  elective  staining  methods  for  elastic  fibres  came  into  general  use,  a 
considerable  amount  of  attention  has  been  directed  to  the  arrangement  of 
these  fibres  in  the  various  organs  and  tissues  of  which  they  form  an 
important  part.  It  would  appear,  however,  that,  in  the  case  of  the  lung, 
this  attention  has  not  been  of  the  degree  that  is  warranted  by  the 
prominent  part  which  elastic  tissue  bears  in  the  structure  of  that  organ. 
It  is  not  too  much  to  say  that  elastic  fibres  form  so  essential  a  part  of  the 
lung  framework,  that  it  is  impossible  to  obtain  a  correct  idea  of  the 
architecture  of  the  organ  without  making  use  of  one  or  other  of  the 
elective  staining  methods. 

It  was  a  realisation  of  the  above  facts  which  tempted  the  author,  at  the 
commencement  of  a  research  into  the  changes  which  the  elastic  fibres  of 
the  lung  undergo  in  pathological  conditions,  to  direct  his  attention  to  the 
normal  arrangement  of  these  fibres.  The  temptation  was  all  the  greater  as, 
in  certain  diseased  conditions,  the  normal  structure  of  the  lung  is  elucidated 
in  quite  a  striking  manner.  This  is  all  in  the  way  of  apology  that  the 
author  offers  for  trespassing  on  the  domain  of  the  normal  histologist. 

Among  histologists  who  have  directed  special  attention  to  the  elastic 
fibres  are  Gardner  (1),  Teuffel  (2),  and  Linser  (3).  The  two  former  concern 
themselves  chiefly  with  the  development  of  the  fibres  in  the  embryo ;  the 
last  gives  the  only  connected  account,  so  far  as  the  author  knows,  of  the 
arrangement  of  the  elastic  fibres  in  the  normal  adult  lung. 

As  regards  technique,  all  that  the  author  claims  as  new  is  the  employ- 
ment of  the  Aschoff-Becker  carbonic-acid-freezing  microtome  for  cutting 
the  sections.  The  above-mentioned  observers  used  paraffin  and  celloidin 
for  embedding  their  tiasues.  The  advantages  of  this  freezing  microtome 
are  these : — In  the  first  place,  there  is  no  shrinkage  of  tissue  from  heating 
or  from  prolonged  treatment  with  chemicals.  In  the  second  place,  large 
sections  can  be  obtained  (IJ  x  1  inch),  and  the  advantage  of  these  in 
studying  lung  structure  cannot  be  too  strongly  emphasised.  Lastly,  the 
sections  may  be  thick  {30-40/x),  and  yet  with  Weigert's  method  detail  is 
perfect.     The  advantage  of   thick   sections  is  readily  realised  when   one 
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remembers  the  sinuous  course  of  the  fibres  which  one  proposes  to  study. 
It  must  be  stated/  however,  that  a  perfectly  normal  lung  does  not  cut  well 
when  frozen.  On  the  other  hand,  one  which  is  slightly  consolidated  cuts 
excellently,  and  the  author  has  no  hesitation  in  asserting  that  such  a  lung 
shows  up  the  structure  of  the  organ  better  and  more  naturally  than  the 
normal  lung  itself.  This  is  largely  due  to  the  fact  that  when  the  pleura  is 
opened,  the  lung,  if  it  be  normal,  collapses  to  a  third  of  its  original  bulk, 
whereas  the  alveoli  of  the  consolidated  organ  remain  distended.  Further, 
the  changes  which  the  elastic  fibres  undergo  in  acute  inflammatory  con- 
ditions are  so  slight,  as  a  rule,  that  they  may  be  neglected.  Even  in 
gangi-ene,  as  is  shown  in  fig.  2,  the  elastic  structure  of  the  lung  may  be 
completely  preserved  in  an  area  which,  with  ordinary  staining  methods, 
would  appear  structureless. 

The  author  does  not  propose  to  discuss  in  any  detail  the  relative  merits 
of  the  two  chief  elastic  tissue  staining  methods — the  Unna-Taenzer  and  the 
Weigert.  Each  has  its  advocates — Krystalowicz  (4)  and  Gardner  supporting 
the  former,  Herxheimer  (5)  and  Fischer  (6)  recommending  the  latter.  All 
that  the  author  feels  justified  in  saying  is  that  he  has  found  Weigert's 
resorcin-fuchsin  (the  stain  which  he  has  used  almost  exclusively)  easily 
prepared,  rapid,  and  reliable. 

With  regard  more  particularly  to  the  preparation  of  the  stain,  the 
details  will  be  found  in  most  of  the  modern  text-books  on  methods,  or  in 
Weigert  s  original  article  (7).  The  fact  that  the  iron  preparation  mentioned 
in  this  article  is  from  the  German  PharmacopcBia,  may  prove  somewhat 
•  puzzling.  The  author  has,  however,  found  that  the  amount  of  the  iron  does 
not  really  matter  so  long  as  there  is  an  excess.  The  stain  when  fresh  made 
is,  in  the  author  s  experience,  not  absolutely  elective.  It  improves,  however, 
on  keeping  and  after  repeated  use,  although  the  time  required  for  staining 
the  fibres  properly  is  thereby  lengthened. 

As  regards  the  nature  of  the  stain,  very  little  is  known  except  that  it  is 
a  combination  of  iron,  resorcin,  and  fuchsin.  Fischer,  who  has  studied  this 
question  very  fully,  has  shown  that  both  the  resorcin  and  the  fuchsin  may 
be  replaced  by  other  substances — the  former  by  orcein  or  pyrogallol,  the 
latter  by  visuvin,  safranin,  or  thionin.  He  has  proved,  further,  that,  if  the 
fuchsin  be  left  out  of  the  process,  a  fluid  is  obtained  which,  although  it  does 
not  stain  the  elastic  fibres,  apparently  acts  as  a  mordant,  so  that  subsequent 
treatment  with  alcoholic  fuchsin  gives  a  result  indistinguishable  from  that 
obtained  with  the  original  Weigert  stain. 

With  regard  to  the  question  as  to  whether  all  that  is  stained  by  this 
method  is  of  the  nature  of  elastic  tissue,  the  author's  experience  is  that, 
besides  the  elastic  fibres,  only  the  cartilage  plates  of  the  bronchi  remain 
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stained  after  treatment  with  absolute  alcohol,  and  these  only  in  part.  As 
regards  the  other  question — whether  the  method  is  a  true  test  for  the 
existence  of  elastic  fibres — Fischer  (8)  concludes,  after  comparing  with  other 
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Fig.  1. — Arrangement  of  elastic  fibres  in  Inrge  bronchus.  A,  epithelium  ;  B,  sub-basement 
membrane  layer ;  C,  longitudinal  layer ;  D,  muscular  layer ;  E,  stratum  of  mucous  glands 
containing  a  few  irregular  fibres  and  those  in  connection  with  vessels ;  P,  layer  enclosing 
cartilage  nodules  ;  G,  fibrous  tissue  of  wall  containing  some  irregularly-running  fibres,  also 
vessels  ;  H,  bronchial  artery ;  I,  pulmonary  artery. 


tests  such  as  caustic  potash  and  orcein,  that  the  Weigert  stain  is  at  least 
as  reliable  as  these. 

Commencing  with  the  larger  bronchi,  one  finds,  as  a  rule,  four  distinct 
layers  of  elastic  fibres  (fig.  1). 

1.  A  layer  of  fine  interlacing  fibres  running  longitudinally  and 
circularly,  situated  immediately  under  the  basement  membrane  (fig.  1  (B), 
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and  fig.  3).  This  layer  is  not  always  quite  distinct  or  continuous :  it  is 
better  developed  in  the  adult  than  in  the  child.  Its  fibres  are  prolonged, 
as  a  rule,  into  the  ducts  o£  the  mucous  glands,  and  unite  with  the  elastic 
fibres  surrounding  these  structures.  So  far  as  the  author  ia  aware,  this 
layer  has  not  yet  been  described.  One  might  term  it  the  sub-basement 
membrane  layer. 

2.  Underneath  the  above  and  distinct  from  it  there  is  a  broad  layer  of 
thick,  closely-set  fibres  gathered  into  more   or  less  distinct  and  separate 


Fio.  2. — Lung  or  cliild,  gnngrene,  x  30.     Necrosin  at  cellular  Htructurea  of  lung.    Elftnllc  Hbraa 
prwsrved.     SIiiiws  aiTaiigemeDt  of  fibres  in  walls  of  vessels,  tormitinl  broiichiolea,  and  alveoli. 

bunches  of  irregular  shape,  between  wliich  vessels  and  the  ducts  of 
mucous  glands  pass  (fig.  1  (C),  and  fig.  3).  This  layer  is  arranged  longi- 
tudinally, or  somewhat  oblifjuely,  and  is  certainly  the  most  constant  and 
most  distinct  layer  in  the  walls  of  the  larger  air-tubes.  It  communicates 
with  the  previous  layer  by  means  of  finer  fibres.  The  term  longitudinal 
would  distinguish  this  layer  from  the  others. 

3.  The  third  layer  (fig.  1,  D),  which  lies  immediately  subjacent  to  the 
previous  one,  consists  of  fine  sinuous  fibres  enveloping  and  intersecting  the 
inuscularis  mucosie.  It  is,  of  course,  circular  in  its  arrangement,  and  it  splits 
to  enclose  the  vessels  and  the  ducts  of  mucous  glands  which  pass  thvongh 
it.     This  layer  might  be  termed  the  muscular  layer. 
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4.  Lastly,  there  is  a  circular  layer  (fig.  1,  F)  of  tliick,  closely-set  fibres 
which  split  to  enclose  the  cartilage  nodules  and  the  individual  fibres  of 
which  appear  to  merge  with  the  cartilage  substance.  One  might  call  this 
the  cartilage  layer. 

Between  the  two  latter  layers  there  lie  the  mucous  glands,  which  possess 
a  few  elastic  fibres  running  irregularly  in  addition  to  those  in  direct 
connection  with  vessels.  Outside  the  fourth  layer  there  are  numerous 
irregular  fibres,  and  also  those  forming  the  walls  of  vessels.     The  above 


Fio.  3. — Broncliiia  of  cliild  stained  with  Weigart's  method,  x  670,  Shows  remBins  of  epilheliuin 
homogeueouB  bosenient  niombmir,  sub-basement  membrKUR  Inyer,  nnd  lotiKitiidtDal  layer  of 
elutic  flbi-es. 

arrangement  holds  good  for  trachea  as  well  as  for  the  larger  bronchi ;  but 
in  the  trachea  the  first  three  layers  are  insignificaDt  when  compared  with 
the  cartilage  layer,  and  the  muscular  layer  is  patchy  in  its  distribution. 

As  one  passes  from  the  larger  bronchi  to  the  smaller  one  finds  that  these 
layers,  with  the  exception  of  the  second — tlie  longitudinal  layer — gradually 
disappear.  The  sub-basement  membrane  layer  is  the  first  to  go:  the 
cartilage  layer  disappears  with  that  structure.  Similarly,  the  muscular 
layer  ceases  when  the  muscular  fibres  no  longer  form  a  distinct  coat.  The 
longitudinal  layer,  however,  persists,  and  merges  with  the  fibres  forming 
the  walls  of  the  terminal  air-c 
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Turning  to  thene  one  finds  that,  in  the  terminal  bronchioles  (fig,  2),  the 
elastic  tisHue  has  been  reduced  to  a  single  stratum  of  closely-set,  fairly 
stout  fibres  situated  immediately  under  the  basement  membrane.  In  tlie 
alveolar  passages  a  similar  arrangement  prevails,  but  the  layer  is  here 
interrupted  by  openings  into  air-vesicles.  At  tliese  openings  thei-e  is  an 
apparent  thickening,  produced  by  a  gathering  together  of  the  elastic 
fibres  to  form  a  stout  ring  or  collar  (fig.  2).  From  the  alveolar  passages 
onwards  into  the  inf  undibula  and  alveoli  the  elastic  fibres  do  not  form  a  dis- 


Fio.  4,— Liingorchilii,  x  S70.     £lutic  Gbrcs  in  wnlU  of  alveoli  ami  in 
inUralveoUr  sepU  well  Been. 

tinct  and  continuous  coat,  but  occur  in  the  form  of  bands  of  sinuous  fibres 
which  lie  under  the  endothelium.  These  bands  of  fibres  unite  with  similar 
bands  in  the  walls  of  neiglibouring  air-passages.  In  the  infundibula  the 
thickenings  at  the  openings  of  air-sacs  are,  of  course,  very  numerous. 

In  connection  with  the  alveoli  themselves,  these  bands,  consisting  of 
fibres  of  varying  thickness,  pass  in  an  irregularly  sinuous  manner  spreading 
out  and  uniting  with  similar  bands,  and  becoming  gradually  thinner  by 
giving  off  fibres  which  become  finer  and  end  in  the  walls  of  the  air-sacs 
(fig.  4),  Where  exactly  these  terminate,  and  whether  they  are  con- 
tinued for  a  time  as  fibres  not  of  an  elastic  nature,  it  is  impossible  to  saj'. 
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The  fibres  of  neighbouring  alveoli  communicate  freely  with  one  another, 
uniting  and  separating  again  in  the  interalveolar  septa  (fig.  4),  As  previ- 
ously mentioned,  there  is  a  gathering  together  of  the  fibres  to  form  a  collar 
at  the  openings  of  the  air-sacs  into  infundibula  and  alveolar  passages. 

Turning  to  the  pleura,  one  finds  a  layer  of  interlacing  fibres  immediately 
under  the  endothelium.  The  fibres  vary  a  good  deal  in  thickness,  and  may 
be  round  or  flattened.  They  pass  in  all  directions,  crossing  one  another, 
uniting,  and  separating  again,  thus  forming  a  dense  network.     This  layer 


Via.  !>. — Oliliqiie  Bettion  of  bmncli  of  pulnioiiBry  nrtn'y,  x  S70.     Elutk  Ussae  of  vepsel  seen  to 
conKiat  ot  two  layers  of  longituilEnal  fibres,  between  wliicli  ii  a  layer  of  circular  librea. 

is  frequently  duplicated,  the  second  layer  lying  immediately  under  the  first. 
Whether  this  duplication  is  found  more  frefjuently  in  certain  positions,  and 
whether  there  is  any  individual  variation,  the  author  has  not  yet  decided. 
Under  these  layers  there  is  a  band  of  fibrous  tissue  which  contains  occasional 
elastic  fibres,  also  those  connected  with  the  walla  of  vessels.  The  elastic  fibres 
of  the  nearest  alveoli  abut  on  this  layer  of  fibrous  tissue ;  but  they  cannot  be 
said  to  form  a  distinct  and  continuous  stratum,  such  as  Linser  describes. 

With  regai-d  to  the  interlobular  septa,  in  the  author's  experience,  under 
normal  conditions,  elastic  fibres  do  not  exist  apart  from  those  in  connection 
with  vessels. 

,  in  the  last  place,  to  the  vessels  themselves,  one  finds  that  a 
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distinction  must  at  once  be  made  between  bronchial  vessels  and  pulmonary 
vessels  proper  as  regards  their  elastic  coats.  The  former  show  the  ordinary 
arrangement — viz.,  in  the  case  of  the  arteries  an  internal  elastic  lamina  (or, 
more  properly  speaking,  a  layer  of  thick  interlacing  fibres),  a  few  fine  fibres 
in  the  middle  coat,  the  number  increasing  with  the  size  of  the  vessel,  and 
outside  this  a  varying  number  of  more  or  less  complete  layers  in  the 
adventitia.  In  the  case  of  the  veins  the  arrangement  of  the  fibres  is 
similar,  but  the  layers  are  not  so  thick  nor  the  fibres  so  numerous. 

In  the  case  of  the  pulmonary  vessels  the  difference  between  artery  and 
vein  is  not  so  marked,  and,  in  arterioles  and  venules,  it  is  no  longer  possible 
to  make  the  distinction.  The  capillaries  of  the  alveolar  walls  have  no 
distinct  coating  of  elastic  fibres;  this  appears  first  in  the  small  vessels 
lying  in  the  fibrous  tissue  between  the  groups  of  air-sacs  (fig.  2). 
The  elastic  coat  of  such  a  vessel  consists  of  a  single  layer  of  longitudinally- 
running  fine  elastic  fibres,  lying  immediately  under  the  endothelium.  As 
the  vessel  increases  in  size  a  second  layer  of  fibres,  also  longitudinal,  appears, 
and  between  the  two  is  a  circular  layer  the  fibres  of  which  lie  between  the 
muscular  fibres  of  the  media  (fig.  5).  This  type  of  vessel,  with  two 
longitudinal  layers  and  a  circular  one  between,  is  the  commonest  one  found 
in  the  lung.  As  the  vessel  increases  in  size,  more  longitudinal  layers  are 
added  alternating  with  circular.  When  a  branch  leaves  or  joins  a  vessel  it 
is,  of  course,  the  internal  longitudinal  layer  which  is  continued  as  the 
innermost  layer  of  the  smaller  vessel,  the  remaining  layers  being  continued 
or  rapidly  fading  out  according  to  the  size  of  the  branch. 

In  the  above  description  there  is  little  that  is  absolutely  new.  Linser 
describes  the  arrangement  of  the  fibres  very  much  as  the  author  has  done ; 
he  makes  no  mention,  however,  of  the  sub-basement  membrane  layer. 
That  this  is  a  layer  distinct  from  the  longitudinal  is  brought  out  in  certain 
pathological  conditions.  For  example,  in  a  case  of  acute  bronchitis 
resulting  from  ammonia  gas-poisoning,  the  author  found  that  a  stratum  of 
necrosed  tissue  in  the  lumen  of  the  bronchi  proved  to  be  this  layer  of  fibres 
along  with  the  basement  membrane,  which  had  become  completely  separated 
from  the  subjacent  tissues.  Then,  again,  Linser  fails  to  mention  the 
frequent  duplication  of  the  sub-endothelial  layer  of  fibres  in  the  pleura. 
This  is  a  subject  worth  investigating  with  regard  to  the  question  as  to 
what  parts  of  the  visceral  pleura  show  this  double  layer. 

With  regard  to  the  structure  of  the  vessels,  Linser  states  that  the 
internal  elastic  lamina  consists  of  fine  parallel-running  fibres  with  occasional 
cross  fibres.  As  the  author  has  pointed  out,  and  as  is  shown  in  fig.  5, 
these  cross  fibres  belong  to  a  distinct  layer  and  do  not  intersect  the  longi- 
tudinal fibres  of  the  other  coats. 
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A  NEW  METHOD  OF  DEMONSTRATING  THE  TOPOGRAPHICAL 
ANATOMY  OF  THE  ADULT   HUMAN   SKULL. 

By  Sydney  R.  Scott,  M.S.,  M.B.Lond.,  F.R.C.S.  Eng.,  L.R.C.P.  Lond. 

In  this  paper  I  do  not  propose  to  discuss  the  subject  of  cranial  topography 
from  an  anthropological  point  of  view:  I  propose  rather  to  describe  a 
system  by  which  it  is  possible  to  demonstrate  the  cranium  by  means  of 
diagrams  and  drawings.  To  those  naturally  skilled  in  draughtsmanship, 
perhaps  such  a  system  as  that  which  I  bring  forward  appears  unnecessary. 
But  I  know  of  no  method  which  has  been  prepared  for  the  purpose  of 
introducing  to  the  uninitiated  the  manner  in  which  the  average  skull  can 
be  correctly  reproduced  by  diagrams  and  drawings,  from  below,  from  above, 
from  the  front,  and  from  the  side.  To  do  this  an  accurate  knowledge  of 
the  topography  of  the  different  cranial  foramina  and  processes  is  necessary, 
and,  by  a  series  of  some  four  hundred  measurements,  I  have  striven  to  find 
the  least  variable  landmarks  of  the  skull,  upon  which  to  base  this  system. 

One  finds  that  whereas  the  variations  in  contour  and  dimensions  of  the 
vault  of  the  adult  skull  are  considerable,  the  variations  in  the  distances 
between  certain  foramina  and  other  readily  identified  landmarks  of  the 
base  and  facial  portions  of  the  skull,  are  comparatively  small. 

The  degree  of  prominence  of  the  malar  bones,  and  the  curvature  of  the 
zygomatic  arch,  are  subject  to  variation.  The  variations  in  shape  and  size 
of  the  alveolar  arch  depend  upon  the  presence  or  absence  of  sound  teeth ; 
thus  it  is  in  the  vault,  zygoma,  and  alveolar  arch  that  the  widest  degrees 
of  variability  are  found. 

Certain  well-known  data  have  been  confirmed,  and  additional  data  have 
been  obtained  from  the  records  of  the  series  of  four  hundred  measurements 
which  have  been  specially  taken  in  twenty  diflierent  skulls. 

These  observations  reveal  the  remarkable  approximate  constancy  in 
relation  of  the  chief  foramina  and  processes  of  the  anterior  half  of  the  base 
of  the  skull,  and  of  the  lateral  aspect  of  the  cranium  and  also  of  the  lower 
half  of  the  facial  aspect. 

The  relations  of  these  foramina  to  ea<2h  other  can  be  represented  by 
geometrical  figures,  which  are  accordingly  constructed  and  serve  as  a 
groundwork,  upon  which  the  chief  foramina  can  be  indicated;  and  the 
variable  elements,  ejj.  the  contour  of  the  vault,  are  added  last  of  all. 
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1.   THE   NORMA   BASILARIS. 

To  illustrate  the  norma  basilaris,  two  triangular  figures  are  constructed 
as  follows  (see  fig.  1) : — ^ 

C  N  S  and  C  N  S"  are  two  right-angled  isosceles  triangles,  the  side  C  N 
being  common  to  both  triangles  and  equal  to  C  S  and  C  S". 

Then  the  points  N,  S,  and  S"  correspond  to  the  relative  positions  of  the 
post-nasal  spine  and  the  two  stylo-mastoid  foramina  respectively,  while 
C  corresponds  to  a  point  which  would  be  just  behind  the  basion.  C  is  the 
central  point  of  the  base  of  the  skull,  and  on  ah  average  is  within  the 
foramen  magnum  and  half  a  centimetre  from  the  anterior  margin  of  that 
foramen.  For  practical  purposes  we  may  remember  that  the  basion  is 
just  in  front  of  the  central  point. 


S  c  s- 

Fig.  1.— N,  the  post-nasal  spine  ;  S,  S",  the  stylo- mastoid  foramina  ;  C,  the  "central 
point"  {hi  the  average  adult  skull  half  a  centimetre  behind  the  basion). 

The  line  C  N  is  then  prolonged  to  A,  making  N  A  equal  to  C  N :  A  is 
joined  to  S  and  S"  respectively,  thus  another  isosceles  triangle,  S  A  S",  is 
produced  (fig.  2). 

The  point  A  corresponds  to  the  position  of  the  anterior  margin  of  the 
anterior  palatine  fossa. 

The  sides  AS  and  AS"  represent  the  well-known  guide-lines  to  the 
following  foramina  etc.: — The  anterior  palatine  fossa,  the  posterior 
palatine  foramen,  the  pterygoid  fossa,  the  foramen  ovale,  the  foramen 
spinosum,  the  vaginal  process  of  the  tympanic  plate,  the  stylo-mastoid 
foramen. 

The  posterior  palatine  foramen  is  situated  on  the  line  A  S  (we  may  call 
this  the  palato-styloid  line),  two-fifths  the  distance  from  the  point  A.  (For 
the  uniformity  of  this  position,  see  charts  10  and  11.) 

Midway  between  the  posterior  palatine  foramen  and  the  stylo-mastoid 

^  The  illurttrations  accompanying  this  iJajKir  have  l>een  produced  by  following  the 
description  given  in  the  text,  and  without  reference  to  any  skull  or  any  other  illustration. 
As  mentioned  in  the  text,  it  has  been  my  purpose  to  devise  a  method  whereby  anyone 
unskilled  in  persi^ctive  drawing  can  delineate  the  essential  tojx>graphical  features  of  the 
skull  merely  by  applying  accurate  anatomical  knowledge. 
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foramen  of  the  same  side,  is  the  narrow  partition  of  the  sphenoid,  which 
separates  the  foramen  ovale  and  the  foramen  spinosum — the  latter  being  on 
the  palato-styloid  line,  the  former  being  generally  a  little  to  the  inner 
side  of  that  line,  though  it  also  is  sometimes  on  the  palato-styloid 
line.  It  will  be  noticed  that  the  anterior  two-fifths  of  the  palato-styloid 
line  corresponds  to  the  hard  palate,  the  posterior  two-fifths  to  the  part  of 
the  base  between  the  stylo-mastoid  foramen  and  the  foramen  spinosum, 
while  the  middle  fifth  of  the  line  runs  across  the  pterygoid  fossa. 

As  regards  the  hard  palate,  its  length  is  a  quarter  that  of  the  whole 
length  of  the  base  and  its  posterior  lateral  angle  is  just  behind  the 
posterior  palatine  foramen,  while  the  outline  of  the  hard  palate  resembles 
that  of  a  Norman  arch. 

Anterior  palatine  fossa. 


Ml 


Posterior  palatine 
foramen. 


Furanien  ovale. 
Foramen  spinosum. 


Stylo-mastoid-foramen. 


Fig.  2. 


With  respect  to  the  foramen  magnum,  we  have  seen  that  its  anterior 
margin  lies  half  a  centimetre  in  front  of  the  "central  point."  The  foramem 
is  nearly  circular,  and  its  diameter  is  equal  to  a  sixth  of  the  total  length  of 
the  ba.se  of  the  skull  (see  charts  6  and  7). 

The  external  occipital  protuberance  varies  in  position  more  than  do  the 
other  landmarks  above  mentioned ;  the  protuberance  is  as  a  rule,  however, 
about  half-way  between  the  posterior  margin  of  the  foramen  magnum  and 
the  posterior  outline  of  the  vault  of  the  skull.  The  exact  position  varies 
with  the  shape  of  the  vault. 

The  median  transverse  line  on  each  side  either  bisects  the  middle,  or  the 
anterior  and  middle  thirds,  of  the  occipital  condyle,  and  skirts  the  posterior 
margin  of  the  jugular  foramen ;  it  next  crosses  the  stylo-mastoid  foramen, 
and,  if  prolonged,  runs  along  the  tympanico-mastoid  fissure  to  the  posterior 
margin  of  the  external  auditory  meatus  (figs.  3  and  4). 

If  the  stylo-mastoid  foramen   of   one  side   is  joined   to   the   opposite 
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posterior  paliitine  foramen,  the  line  corresponds  to  the  direction  of  the 
carotid  canal.  The  two  "  carotid  Hnea  "  intersect  each  other  on  the  posterior 
margin  of  the  vomerine  plate  (fig.  3).  The  entrance  to  the  canal  lies 
immediately  in  front  of  the  middle  of  the  jugular  fossa,  and  the  foramen 
lacerum  medium  lies  on  the  "carotid  line,"  nearer  the  middle  line  than, 
and  internal  to,  the  foramen  ovale  (fig.  3). 

The  root  of  the  internal  pterygoid  plate  runs  into  the  anterior  margin  of 


Anterior  fimUnc  foan. 


PoilcrioT  pklitlns  (on 
PterTgold  low. 

FoniDWn  a*ile. 


Biternal  nudllor;  meatni, 


Fiti.  3, — A8'  =  "paliito-Btyloidliiie,"prolongeiIbackw(iTdB;  PS'=  "carotid  line";  SS'  =  mid-lr»nB- 
verse  line  ;  H  Z  =  maUr-zygoiiiatic  guide-line,  merely  giving  an  a|>yroiimate  guide  for  Kygonia. 

the  foramen  lacerum  medium,  and  the  root  of  the  external  pterygoid  plate 
run.s  into  the  anterior  margin  of  the  foramen  ovale  (figs.  3  and  4). 

If  the  "  carotid  line  "  be  prolonged  backwards  it  crosses  the  apex  of  the 
mastoid  proceaa,  and  if  the  palato-atyloid  line  be  prolonged  backwards  it 
runs  along  the  digiwtric  foasa  (figs.  3  and  4). 

The  superior  and  inferior  curved  lines  of  the  occipital  bone  curve 
outwards  and  forwards  from  the  external  occipital  protuberance,  and  from 
the  external  occipital  crest  towards  the  mastoid  process  and  the  styloid 
process  respectively  (fig.  4), 
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Turning  to  the  zygomatic  arch,  the  anterior  limb  and  the  three  posterior 
roots  are  constant ;  but  the  curvature  of  the  arch  and  the  extent  of  pro- 
trusion of  the  malar  bone  forwards  and  outwards  varies,  as  ia  well  known, 
in  different  skulls  (figs.  3  and  4). 

The  zygomatic  processes  of  the  temporal  bones  run  forwards,  approxi- 
mately parallel  with  each  other  (fig.  3,  Z  M,  and  fig.  4).  The  malar  process 
of  the   superior  maxilla  Juta  directly  outwards  from  the  middle   of  the 


Ua4to[d  proc«u. 


outer  surface  of  the  latter  bone  (fig.  3,  M,  and  fig.  4).  The  eminentia 
u^icularis  is  level  with  the  foramen  ovale  (figs.  3  and  4),  The  post-glenoid 
tubercle  is  level  with  the  entrance  to  the  carotid  canal  and  in  front  of  the 
external  auditory  meatus.  The  supra-nieatal  crest  can  be  seen  passing 
back  above  the  external  auditory  meatus  (fig.  4). 

2.  The  Skull  in  Horizontal  Section.    Cranial  Foss*. 
We  may  now  consider  the  internal  aspect  of  the  base  of  the  skull ;  the 
vault  having  been  removed,  fig.  5  shows  how  we  may  apply  a  knowledge 
vol    XL.  (third  SER.   vol   L) — JAN.   190fl.  15 
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of  the  topography  of  the  norma  baailaris  to  demonstrate  the  cranial  foasse, 
by  first  representing  the  positions  of  those  foramina  which  are  visible 
from  above  as  well  as  from  below  (see  left-hand  aide,  fig.  5).  The  original 
scaffolding  of  triangles  has  been  removed,  so  that  attention  should  be  first 
directed  to  the  following  foramina  and  other  landmarks  which  are  repre- 
sented on  the  right-hand  side  as  viewed  from  below,  and  on  the  left-hand 
side  aa  viewed  from  above : — Foramen  ovale,  foramen  spinoeum,  foramen 
lacerum  medium,  foramen  magnum. 


The  internal  occipital  protuberance  corresponds  approximately  to  the 
external  protuberance,  but  ia  at  a  little  higher  level.  The  lower  margin  of 
the  sulcus  of  the  lateral  sinua  corresponds  approximately  to  the  superior 
occipital  curved  line. 

The  outline  of  the  skull  in  horizontal  section  is  approximately  ovoid, 
and  the  transverse  diameter  is  two-thirds  the  antero-posterior  diameter  (see 
charts  1,  14,  15,  and  Hi). 

Fig.  5  shows  the  transverse  lines  constructed  to  divide  the  antero- 
posterior diameter  into  four  equal  parts.     Of  these  the  anterior  coronal  line. 
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as  we  may  call  it,  gives  the  anterior  boundary  of  the  temporo-sphenoidal 
fossa,  and  the  posterior  coronal  line  gives  the  extreme  posterior  limit  of  the 
temporo-sphenoidal  fossa  where  the  superior  margin  of  the  petrous  portion 
of  the  temporal  bone  joins  the  vault. 

The  mid-coronal  line  lies  half  a  centimetre  behind  the  basion,  and  crosses 
the  anterior  condyloid  canal,  the  jugular  foramen,  the  internal  auditory 
meatus,  and  then  pftsses  across  the  posterior  margin  of  the  entrance  to  the 
external  auditory  meatus.     Thus  the  mid-coronal  line  crosses  the  points  of 


c 


Fig.  6. 


exit  of  the  7th,  8th,  9th,  10th,  11th,  and  12th  cranial  nerves  from  the  cranial 
cavity  (see  figs.  4  and  5). 

3.  Norma  Frontalis. 

To  represent  the  skull  from  the  front,  we  draw  a  rectangular  parallelo- 
gram, of  which  the  adjacent  sides  are  as  6  to  7  (fig.  6  ;  charts  14, 15, 16, 17). 

Through  the  centre  of  this  parallelogram  a  horizontal  line  is  drawn. 
This  is  the  mid-horizontal  or  supra-orbital  line  S  O  (fig.  6 ;  chart  18). 
Half-way  between  this  and  the  base  we  draw  another  horizontal  line ;  this 
is  the  inferior  quarter  or  infra-orbital  line  I  O  (fig.  6  ;  chart  19). 

Next,  we  divide  the  base-line  into  four  equal  parts;  and  then  erect 
median  vertical  and  parallel  vertical  lines  from  these  points  of  division,  A 
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and  A'  refipectively  (sagittal  lines).  The  middle  two-fourths  of  the  base 
represents  the'alveolar  arch  as  seen  from  in  front,  and  each  parallel  or  lateral 
sagittal  line  intersects  the  centre  of  the  corresponding  orbit  (tig.  €,  E). 

The  margin  of  the  orbit  can  then  be  delineated.  Sometimes  the  inner 
and  inferior  quadrant  of  the  orbital  margin  approximately  corresponds  to  the 
axis  of  the  diagonal  of  the  parallelogram  (fig.  6).  The  transverse  diameter 
of  the  orbit  is  eqaal  to  the  vertical  diameter  (tigs.  6  and  7  ;  charts  18, 19, 20). 

The  fronto-malar  and  the  fronto-nasal  sutures  are  level  with  the  hori- 


zontal plane  dividing  the  upper  from  the  middle  third  of  the  orbit  {fig.  7). 
The  inferior  border  of  the  nasal  bone  is  level  with  the  horizontal  plane 
dividing  the  middle  and  lower  thirds  of  the  orbit  (fig.  7). 

The  positions  of  the  optic  foramen,  the  sphenoidal  fissure,  the  spheno- 
maxillary fissure,  can  then  be  indicated  (see  fig.  7).  The  maximum 
diameter  of  the  anterior  nares  is  equal  to  the  minimum  diameter  between 
the  inner  margins  of  the  orbits.  The  nasal  septum,  middle  and  inferior 
turbinates,  are  visible  through  the  anterior  nares. 

The  infra-orbital  line  corresponds  to  the  level  of  the  upper  border  of 
the  zygoma  (figs.  7  and  9). 

'  The  diagrams  illiutrating  the  stageB  by  nbich  fig.  7  is  derived  from  fig.  6  are  not 
Kiven  :  the  de«crJ]ilioii  in  the  text  xhoiild,  Iiowever,  make  these  atagea  clear. 
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The  sides  of  the  upper  half  of  the  parallelogram  (tig.  6)  form  tangents 
of  the  outline  of  the  vault,  which  can  therefore  be  drawn  in  (fig.  7).  The 
shape  of  the  vault  varies  considerably,  as  before  mentioned,  and  no  attempt 
is  made  to  depict  other  than  what  we  may  perhaps  be  allowed  to  regard  as 
a  fairly  typical  vault. 

4.  Norma  Lateralis. 

In  several  respects  this  is  the  most  interesting  aspect  of  the  skull. 

We  can  deduce  the  norma  lateralis  by  combining  the  methods  adopted 


20 


»  1  ■  I  L  * 


N 


Fio.  8. 


in  representing  the  norma  basilaris  and  the  norma  frontalis.  The  principle 
being  the  same,  we  take  a  rectangular  parallelogram,  the  vertical  diameter 
being  three-fourths  of  the  antero-posterior  diameter  (charts  1  and  17). 
Fig.  8  shows  these  lines,  AV  and  AV".  Each  line  is  now  divided  into 
four  equal  parts— E,  SO,  10,  N,  C,  and  T. 

Through  S  O  and  I  O  horizontals  are  drawn,  and  they  correspond  t/O 
anterior  and  middle  coronal  lines  of  the  norma  basilaris  (fig.  5). 

The  infra-orbital  line  corresponds  to  the  upper  margin  of  the  zygomatic 
process  of  the  temporal  bone.  On  the  mid-coronal  line  are  the  posterior 
margin  of  the  external  auditory  meatus  and  the  anterior  surface  of  the 
mastoid  process  (fig.  9). 
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The  lower  margin  of  tlie  alveolar  arch  (fig.  9 — A  N),  as  viewed  from  the 
side,  is  placed  on  the  anterior  quarter  of  the  base-line  A  V ;  the  pterygo- 
maxillary  fissure  lies  on  the  anterior  coronal  line. 

The  anterior  limb  of  the  zygomatic  arch  juts  out  from  the  middle  of  the 
superior  maxilla,  about  half-way  between  the  infra-orbital  line  and  the 
alveolar  margin  (c/  figs.  3  and  4). 

Tracing  along  the  inferior  border  of  the  zygoma  from  the  external 
auditory  meatus,  we   can  indicate   the   post-glenoid   and  the  pre-glenoid 


tubercles,  the  latter  being  midway  between  the  mid-coronal  and  the 
anterior  coronal  lines  and  corresponds  to  the  eminentia  articularis  (fig.  9). 

The  margin  of  the  orbit,  as  seen  from  the  side,  is  next  represented,  and 
also  the  f ronto-malar  and  the  f ronto-nasal  sutures,  which  are  level  with  the 
junction  of  the  upper  and  middle  thirds  of  the  orbit ;  the  inferior  border  of 
the  nasal  bones  lies  level  with  the  junction  of  the  middle  and  the  lower 
thirds  of  the  orbit  (figs.  7  and  9).  We  may  rely  upon  the  pre-glenoid 
tubercle  of  the  eminentia  articularis  as  a  safe  guide  to  the  structures  in  the 
middle  fossa  of  the  skull,  especially  to  those  in  relation  to  the  Gasserian 
ganglion. 

The  infra-orbital-zygomatic  line  prolonged  backwards  serves  as  a  guide 
to  the  highest  part  of  the  lateral   sinus.      Sometimes  the  postero-inf erior 
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angle  of  the  parietal  bone  comes  well  below  this  line,  sometimes  it  only 
touches  that  line.  In  the  latter  case  the  parietal  bone  forms  only  a  very 
small  part  of  the  sulcus  of  the  lateral  sinus. 

As  regards  the  base  of  the  skull,  the  cranial  fossae,  and  the  lateral 
aspects  of  the  skull,  it  will  be  at  once  evident  that  the  same  method  of 
subdivision  has  been  made  use  6f  throughout ;  so  we  can  consider  the  skull 
as  a  whole  divided  coronally  into  four  sections,  by  the  anterior,  middle,  and 
posterior  coronal  planes,  and  divided  horizontally  by  the  superior,  middle, 
and  inferior  horizontal  planes,  the  three  latter  being  represented  respectively 
by  the  frontal,  supra-orbital,  and  infra-orbital  planes.  (The  system  might 
have  been  further  elaborated  by  use  of  three  sagittal  planes — namely, 
right  and  left,  orbital,  and  median  sagittal  planes — con'esponding  to  the 
vertical  lines  of  the  norma  frontalis.)  The  uniformity  of  this  system, 
applied  to  the  skull  as  a  whole,  has  the  advantage  of  bringing  the  third 
dimension  into  prominence. 


APPENDIX.1 

The  skulls  described  include  European,  African,  Asiatic,  American,  and 
Australasian   races. 

Considerable  differences  in  contour  exist  in  the  adult  skull.  The  differences  are 
chiefly  in  the  vault  of  the  skull,  in  the  alveolar  arch,  and  in  the  zygomatic  arch.  It 
is  otherwise  respecting  the  base  of  the  skull  and  facial  regions,  wliere  the  actual 
variations  are  much  less. 

The  most  constant  topographical  relations  are  found  below  the  supra-orbital 
line  on  the  facial  aspect,  in  front  of  the  mid-coronal  line  on  the  lateral  aspect, 
and  in  front  of  the  mid-transverse  line  on  the  basal  aspect. 
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SkulU  examined — continued. 
Race. 

12.  African    . 
13. 

14.  Nonnan   . 

15.  ChineBe    . 

16.  Hindoo    . 

17.  European 

18.  German    . 

19.  Ancient  Bnton 

20.  Native  Maltese 

Chart  1.  This  diameter  is  takea  from  the  anterior  part  oi  tlie  anterior  palatine 
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fowa  to  the  vertical  tangent  of  the  poeterior  outline  of  the  vault.     In  nearly  75 
per  cent,  this  measures  between  18  cma  and  19  cms.     We  have  taken  18  cms.   as 
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representing  a  typical  case.  By  comparison  with  charts  14  and  15  we  see  the 
relation  of  total  length,  height,  and  breadth  of  the  skull  is  as  1  :  J  :  §. 

Chart  2.  This  measurement  is  taken  from  the  anterior  part  of  the  anterior 
palatine  fossa  to  the  post-nasal  spine.  In  over  75  per  cent,  this  is  between  4  and  5 
cms.     We  may  regard  the  typical  measurement  as  4*5  cms. 

Chart  3.  This  is  the  maximum  width  of  the  hard  palate,  and  measures  between 
3 '5  cms.  and  4*5  cms.     4  cms.  will  represent  the  typical  case. 

Chart  4.  The  maximum  external  diameter  of  the  alveolar  arch  varies  with  the 
presence  or  absence  of  well-formed  teeth.  In  nearly  75  per  cent,  this  diameter  is 
between  5*5  cms.  and  6*5  cms.     The  average  is  taken  as  6  cms. 
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Chart  6.  The  average  distance  between  the  anterior  palatine  fossa  and  the  basion 
is  9*2  cms.  The  average  of  the  majority  (in  contra- distinction  to  the  average  of  the 
total)  works  out  at  rather  less  than  9  cms.  For  convenience,  with  a  negligible 
error  we  take  8*5  cms. 

Chart  5.  This  measurement  is  between  the  inner  margins  of  the  stylo-mastoid 
foramina.  In  over  75  per  cent,  the  distance  measures  between  8  cms.  and  9*5  cms. 
For  the  purpose  of  constructing  simple  workable  geometrical  figures,  we  have  taken 
9  cms.  as  representing  the  typical  case.  The  error  is  less  than  two  and  a  half  milli- 
metres on  each  side. 

Chart  9.  This  measurement  is  taken  between  the  anterior  and  inner  margins  of 
the  occipital  condyles.     Average,  1*5  cms. 

Chart  10.  This  measurement  is  taken  between  the  outer  margin  of  the  occipital 
condyles,  and  is  very  constant,  namely,  5  cms. 
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Chart  11.  This  measurement  is  taken  from  the  anterior  part  of  the  anterior  pala- 
tine fossa  to  the  posterior  margin  of  the  posterior  palatine  foramen.     Average,  4  cms. 
Chart  12.  The  average  is  taken  as  6  cms. 
Chart  1 3.  The  average  is  8  cms.  approximately. 
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Chart  17.  Compared  with  the  average  measurement  given  in  chart  1,  the  average 
height  of  the  skull  to  total  length  is  about  f .     Variations  are,  however,  considerable 
as  are  all  variations  of  the  vault  in  the  adult  skull. 


Topographical  Anatomy  of  the  Adult  Human  Skull 


185 


Chart  18.  The  measurement  is  taken  from  a  point  half-way  between  the  level 
of  the  hard  palate  and  the  alveolar  margin,  to  the  supra-orbital  plane. 

(jhart  19.  The  measurement  is  taken  from  the  same  level  as  that  in  chart  18. 
Chart  20.  Average,  3*5  cms.,  the  width  of  orbit  being  equal  to  its  height. 
Chart  21.  Average,  2*5  cms.  between  the  inner  mai^ins  of  the  orbits. 
Chart  22.  Average,  2*5  cms. 
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Chart  23.  Average,  9*5  cms.  This  is  taken  on  the  lateral  aspect,  from  the 
posterior  margin  of  the  external  auditory  meatus  to  the  anterior  margin  of  the  nasal 
process  of  the  superior  maxilla,  in  a  line  parallel  with  the  infra-orbital  plane.  It  is 
remarkably  constant,  and  is  approximately  equal  to  the  anterior  half  of  the  antero- 
posterior diameter  of  the  base  of  the  skull.     (Compare  chart  6.) 


A  NOTE  UPON  THE  MODE  OF  TERMINATION  OF  THE 
POSTERIOR  TIBIAL  ARTERY  AND  NERVE.  By  Charles 
R.  Whittaker,  L.R.C.S.,  LRC.P.,  etc.,  Demcmstrator  of  Anatomy, 
Surgeon's  HaU,  Edinhv/rgh, 

The  posterior  tibial  artery  and  the  posterior  tibial  nerve  are  said  to 
terminate  by  dividing  into  their  plantar  branches  at  a  point  three-quarters 
of  an  inch  below,  and  behind  the  internal  malleolus.  Whilst  this  statement 
is  sufficiently  accurate  as  regards  the  artery,  a  careful  examination  indicates 
that  the  division  of  the  nerve  occurs  at  a  higher  level.  This  fact  has 
recently  been  corroborated  by  Dujarier.^ 
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A  special  dissection  of  the  inner  ankle  was  made  in  eighteen  subjects, 
fifteen  of  whom  were  adults,  the  remaining  three  being  full-time  foetuses. 
The  following  table  shows  how  variable  is  the   place  of   division  of  the 

nerve. 

Distance  of  bifurcation  of  nerve 
above  that  of  artery. 


No.  of  subjects. 


1  Adult 

2  Adults 


» 


)) 


3  Foetuses  . 


IJ  inches. 
1    inch. 


^  Anat<yn\ie  des  membres. 


Nerve  and  artery  divided 
at  same  level. 

Pariis  1905. 
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In  all  the  specimens  dissected  the  points  of  bifurcation  were  identical 
on  both  sides  of  the  body. 

From  these  data  it  will  be  noticed — (1)  In  the  adult,  the  nerve  most 
commonly  terminates  half  an  inch  on  the  proximal  side  of  the  artery; 
(2)  at  birth,  the  artery  and  nerve  divide  an  equal  distance  from  the 
internal  malleolus,  both  plantar  nerves  passing  behind  the  commencement 
of  the  external  plantar  artery  (fig.  1). 

In  adult  subjects  the  course  of  the  internal  plantar  nerve  is  remarkably 
constant.  Lying  in  the  first  place  external  to  the  posterior  tibial  artery, 
intervening  between   that  vessel  and  the  external   plantar  nerve,  it  then 


crosses  behind  the  posterior  tibial  artery  to  come  into  contact  with  the 
inner  side  of  the  internal  plantar  artery  (figs.  2  and  3).  This  relation  is 
preserved  tor  a  short  distance,  but  ultimately  under  cover  of  the  abductor 
hallucis  it  gains  the  interval  between  the  two  plantar  arteries  by  passing 
behind  the  internal. 

The  course  of  the  external  plantar  nerve  varies  somewhat  in  different 
bodies.  At  its  origin  it  is  on  the  outer  side  of  the  internal  plantar  nerve ; 
it  next  becomes  an  external  relation  of  the  posterior  tibial  artery ;  and  lastly, 
in  fourteen  cases,  dipped  under  the  bifurcation  of  that  artery  to  lie  along 
the  inner  side  of  the  external  plantar  artery  (fig.  2). 

In  the  remaining  four  cases  it  gained  this  position  by  passing  behind 
the  external  plantar  artery,  as  in  the  ffptus  (fig.  3). 
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ON  THE  SURGICAL  ANATOMY  OF  THE  PROSTATE.  (The  intro- 
duction to  a  discassion  on  the  Surgical  Anatomy  of  the  Prostate  at 
the  Anatomical  Society  of  Great  Britain  and  Ireland,  November 
21,  1905.)  By  J.  W.  Thomson  Walker,  M.B.,  F.R.C.S.,  Assistant 
Surgeon  to  the  North- West  London  Hospital  OMd  to  St  Peter's 
Hospital  for  Stone  and  otiter  Urinary  Diseases. 

I  MUST  in  the  first  place  thank  the  Anatomical  Society  for  the  invitation 
to  introduce  this  discussion  on  the  Surgical  Anatomy  of  the  Prostate,  and 
I  am  the  more  sensible  of  the  honour  since  I  cannot  lay  claim  to  rank 
as  a  teacher  of  anatomy. 

During  the  past  few  years  the  prostate  gland  has  been  the  subject  of 
some  surgical  adventure  and  much  surgical  writing.  It  is  but  meet,  there- 
fore, that  the  anatomy  of  the  organ  should  be  carefully  revised,  so  that 
the  work  and  statements  of  the  surgeon  and  the  anatomist  may  fall  into 
line. 

During  the  renaissance  of  prostatic  surgery,  I  was  struck  by  the  diver- 
gence of  views  that  existed,  not  only  in  regard  to  the  operative  measures, 
but  also  in  regard  to  the  anatomy  of  the  organ.  I  found  that  the  standard 
works  on  anatomy  differed  in  certain  particulars,  or  even  passed  by  un- 
noticed, certain  points  that  appeared  to  be  important  from  the  surgical 
stand-point. 

I  therefore  commenced  an  investigation  in  1902,  with  the  object  of 
tracing  the  anatomical  lines  of  the  operation  of  prostatectomy.  Tlie 
remarks  I  shall  make  to-day  are  based  upon  part  of  this  work,  and  were 
published  in  outline  in  1904.  I  have  revised  the  work  by  recent  dissections, 
and  have  found  no  reason  to  alter  the  statements  then  made. 

This  is  neither  the  time  nor  the  place  for  a  systematic  description  of  the 
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anatomy  of  the  prostate.     I  shall  only  take  up  certain  points  which  appear 
to  nie  important  surgically. 

The  Sheath. 
Tlie  prostate   is  surrounded   by  a   layer  of   fascia   which  envelops  it 
except  at  its  ba»al  attachment  to  the  bladder.     At  the  apex  of  the  gland 
this  sheath  blends  with  the  muscular  tissue  surrounding  the  urethra.     Sir 


F)Q.  1. — Undissectfd  prostata  and  si 

from  body.      Anterii 

A,  Fort  of  interior  lurCoce  ot  pro>[iil«  bt 


Leiitor  ani 

Henry  Thompson  described  this  fascial  envelope  as  the  "sheath"  in  his 
work  on  the  prostate,  and  although  the  term  has  not  been  widely  adopted 
by  anatomical  writers,  I  have  used  it  here,  as  it  clearly  distinguishes  this 
layer  of  fascia  from  the  tissue  immediately  surrounding  the  prostate  gland 
wliich  Thompson  called  the  capsule. 

This  sheath  is  derived  from  the  rectovesical  layer  of  pelvic  fascia. 

The  rectovesical  layer  of  pelvic  fascia  passes  inwards  fi-om  the  side  wall 
of  the  pelvis  on  the  upper  surface  of  the  levator  ani  muscle,  and  meets  the 
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lateral  aspect  of  the  junction  of  the  bladder  and  prostate,  where  it  becomes 
firmly  attached  (fig.  1,  C). 

A  layer  of  fascia  passes  up  fi-om  this  attachment  and  covers  the  wall  of 
the  bladder,  A  strong  layer  passes  downwards  over  the  lateral  aspect  of 
the  prostate,  and  forms  the  lateral  portion  of  the  sheath. 

If  this  lateral  layer  be  traced  forwards,  it  will  be  found  to  pass  on  to  the 
anterior  surface  of  the  prostate ;  but  before  reaching  the  middle  line  it  turns 


V 


Fio.  2. — Horizontftl  section  of  proBtate  at  level  of  veritmontannni. 

A,  Kectum.    B,  Areolar  tUaiie  betwesn  rectum  and  pronUitc.    C,  B«ctovetlcml  IMCU.    D,  layer 
ol  fucia  OB  pMterlor  iurfave  of  prutUle.    E,  Ijiyer  of  (iicia  on  aide  of  proilile.    f, 

■urtuce  ol  priwuie.  I.  Veins  at  pruitntic  pltiua.  K,  LajeV  of  aiiipeii  muscle.  L,  SI, 
Msivlnof  itroma  fonutng  eapaule.  H,  Anterior  gommnmre.  0,  Ureihi*  with  veruinon. 
Unuu.    P,  Bjaculatorr  ducU, 

forwards  away  from  the  gland,  so  that  at  tlie  anterior  surface  towards  the 
base  an  interval  about  the  breadth  of  a  finger  is  left  uncovered  {fig.  1,  A). 

As  the  prostate  narrows  towards  its  apex,  the  line  of  reflexion,  which  is 
vertical,  approaches  the  lateral  margin,  and,  at  about  the  lower  third  of  the 
organ,  appears  to  pass  away  from  it  altogether.  On  more  careful  examina- 
tion the  cut  edge  of  a  thin  layer  of  fascia  is  found  passing  across  the  front 
of  the  prostate,  about  its  lower  thii-d,  and  joining  the  two  lateral  refloxiona 
where  they  are  commencing  to  pass  off  the  prostate  (fig-  1,  E). 
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We  see,  therefore,  that  the  line  of  attachment  of  fascia  passes  along  the 
side  of  the  prostate  at  its  junction  with  the  bladder,  and  then  turns  verti- 
cally downwards  on  the  front  of  the  organ  and  is  then  continued  across  the 
middle  line. 

The  anterior  surface  of  the  prostate  between  these  two  vertical  lines  of 
reflexion  is  covered  in  by  a  special  layer  of  fascia  to  which  I  shall  again 
refer. 

The  posterior  surface  of  the  prostate  is  covered  in  by  a  layer  of  fascia 
which  splits  off  from  the  rectovesical  fascia.  This  posterior  layer  is  firmly 
attached  along  the  line  of  the  base  of  the  prostate,  and  a  further  prolonga- 
tion upwards  from  this  line  covers  in  the  seminal  vesicles  and  vasa 
deferentia  and  passes  up  over  the  ureters  on  the  back  of  the  bladder. 

On  examining  a  thick  microtome  section  of  the  prostate  and  its  sur- 
roundings at  the  level  of  the  verumontanum,  the  rectovesical  fascia  is  seen 
as  a  distinct  layer  (fig.  2).  From  the  side  of  the  rectum  it  passes  forwards 
to  the  lateral  surface  of  the  prostate.  On  reaching  the  prostate  it  gives  off 
a  layer  of  fascia  which  may  be  traced  on  the  posterior  surface  of  that 
organ.  It  then  passes  forwards,  covering  the  lateral  and  anterior  surfaces 
of  the  prostate,  but  before  reaching  the  middle  line  it  passes  outwards 
away  from  the  gland.  The  space  between  the  two  reflected  layers  is 
covered  in  by  tissue  which  differs  in  some  particulars  from  the  rest  of 
the  sheath  and  will  be  considered  later. 

These  layers  of  rectovesical  fascia  are  more  easily  distinguished  by 
dissection  than  by  microscopical  section.  In  the  section  here  described 
they  are  well  seen,  but  in  thin,  lightly  stained  sections  and  in  some  prostates 
they  are  less  readily  followed. 

Under  the  microscope  the  fascia  consists  of  wavy  fibres  with  a  few 
nuclei.  The  fibres  may  be  loosely  set,  but  where  the  membrane  is  well 
defined  they  are  closely  packed. 

Let  us  now  return  to  the  dissection  of  the  sheath.  If  the  levator  ani 
be  thrown  back  from  the  side  of  the  prostate,  the  lateral  surface  of  the 
sheath  is  exposed.  This  is  readily  picked  up  with  forceps,  and  an  incision 
may  be  made  through  it  and  a  probe  introduced  between  the  fascia  and  the 
prostate  (fig.  3).  The  sheath  can  now  be  stripped  upwards  towards  the 
base.  On  reaching  the  base,  however,  the  lobe  of  the  prostate  is  adherent 
to  the  bladder,  and  any  further  stripping  is  prevented  by  the  adhesion  of 
the  sheath  along  this  line  and  by  muscular  fibres  passing  from  the  bladder 
wall  into  the  prostate. 

On  stripping  the  fascia  downwards,  it  peels  off  readily  until  the  apex  is 
almost  reached.  Here,  coarse  muscular  fibres  are  found  to  lie  between 
the  sheath  and  the  organ.     These  I  shall  show  later  to  be  striped  muscle 
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fibres.  Further  stripping  is  prevented  by  the  sheath  being  bound  down 
around  the  apex.  On  stripping  the  sheath  backwards,  the  probe  can 
be  made  to  pass  across  the  middle  line,  and  with  a  little  care  the  whole 
of  the  posterior  surface  of  the  glaud  can  be  bared  of  ita  sheath.  The 
stripping  on  tliis  aspect,  as  on  the  lateral  surfaces,  is  only  limited  at  the 
apex  and  at  the  base  of  the  gland. 

On  Htripping  the  sheath  forwards,  however,  it  is  found  that  it  is  firmly 


Flo.  3. — Latvia!  viev  of  prostate  and  liUdder. 

A,IUghtlobB  olDrottatetipoaei).     B,  Llladder.    C,  Line  of  BtUchinciit 

lurfaqi;  o(  prostnte.    K.  tevatur  buI  niuscls,    V,  IjUrsI  layer  of 
tuclnl  ilieath  thrown  tack.    A  prab«  hu  been  paueil  liehind  tlia 


adherent  along  a  broad  vertical  band  at  the  front  of  the  prostate.  In 
order  to  turn  up  the  sheath  here  it  is  necessary  to  cut  through  a  layer  of 
tissue :  no  line  of  separation  can  be  produced  by  teasing. 

I  have  had  occasion  to  notice  this  portion  of  the  sheath  already,  and 

shall  now  consider  ita  little  more  in  detail.     On  the  surface  of  the  sheath 

this   band   is  marked  out  on  each  side  by  the  vertical  lines  of  reHexion 

of  the  lateral  loyers  of  the  sheath.     Stoney'  has  pointed  out  that  a  portion 

'  Jonr.  Anal,  and  Phy».,  vol.  xxxviii.,ftn(l  also  Trans,  Royal  Acnd.  of  Med.  of  DuUiit,  IJMU. 
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of  the  front  of  the  prostate,  where  the  visceral  layer  of  fascia  dips  down, 
is  covered  by  what  is  really  the  vesical  reflexion  of  the  fascia.  This 
corresponds  to  the  vertical  band  that  I  have  just  described  as  being 
adherent  along  the  front  of  the  prostate,  although  in  my  specimens  the 
dipping  downwards  of  the  visceral  layer  of  fascia  on  the  front  of  the 
prostate  appears  to  have  been  greater  than  in  the  description  given  by 
this  observer,  for  he  found  the  transverse  attachment  about  the  middle 
of  the  organ,  while  my  dissections  showed  it  lower  down.  In  any  case 
there  is  a  strip  in  the  front  of  the  prostate  from  the  base  downwards 
for  some  distance  which  is  bounded  on  either  side  by  the  reflexion  of 
the  lateral  layers  and  below  by  the  continuation  of  these  across  the  middle 
line,  which  receives  a  covering  different  from  the  rest  of  the  sheath. 

By  careful  dissection  the  layer  which  corresponds  to  the  vesical  reflexion 
at  the  sides  may  be  stripped  off*,  and  beneath  it  is  found  a  band  of  tissue 
along  the  front  of  the  prostate,  firmly  adherent  to  the  organ.  Microscopical 
sections  made  horizontally  through  the  prostate  at  this  level  show  that 
the  fibres  of  this  portion  of  the  sheath  are  less  regularly  arranged  than 
elsewhere,  and  that  embedded  in  its  substance  are  masses  of  fat  and  bands 
of  non-striped  muscle,  and  that  the  large  venous  channels  on  the  front 
of  the  prostate  lie  among  its  fibres.  Further,  a  thin  layer  of  striped  muscle 
fibres,  to  which  I  shall  again  refer,  lies  between  this  and  the  non-striped 
muscle  of  the  gland  stroma  (fig.  2). 

It  will  be  seen,  therefore,  that  the  prostate  lies  in  a  sheath  of  fascia 
as  an  egg  fills  an  egg-cup,  and  that  it  is  loosely  set  in  this  cup  of  fascia 
except  at  the  apex,  where  the  fascia  becomes  incorporated  with  the  striped 
muscle  surrounding  the  urethra,  and  along  the  anterior  surface. 

The  Relation  of  the  Prostate  to  the  Bladder  Base. 

The  prostate  is  adherent  at  its  base  to  the  under  surface  of  the 
bladder  wall. 

The  area  of  the  bladder  base,  which  the  organ  underlies,  surrounds 
the  internal  meatus  in  the  form  of  an  oval  with  the  long  axis  transversely 
(fig.  4).  In  this  specimen  the  organ  extended  backwards  for  half  an  inch, 
or  to  about  the  mid  point  of  the  trigone,  and  forwards  for  a  quarter  of  an 
inch  in  front  of  the  urethral  opening.  The  greatest  lateral  extent  was  a 
line  drawn  from  the  meatus  outwards  and  a  little  backwards,  and  measured 
nine-sixteenths  of  an  inch  on  each  side.  This  area  does  not,  of  course,  map 
out  the  distribution  of  the  gland  tissue  beneath  the  bladder  base,  which  I 
shall  later  show  does  not  advance  in  front  of  the  urethra  at  this  level,  but  it 
includes  the  base  of  the  whole  organ. 
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The  figures  vary  a  good  deal  in  different  aubjecta,  but  these  may  act 
as  a  i-ough  indication  of  tlie  area  of  bladder  base  which  the  prostate 
underlies. 

If  the  mucous  membrane  be  stripped  from  off  the  bladder  base,  the 
arrangement  of  the  muscular  bundles  may  be  studied ;  and  if  we  take 
advantage  of  the  hypertrophy  produced  by  urethral  obstruction,  the  plan 
of  the  bladder  base  becomes  atill  more  evident. 

The  trigone  of  the  bladder  is  not  an  artificial  triangle  indicated  by 
arbitrary  lines  joining  the  ureters  with  each  other  and  each  with  the 
urethral  opening,  but  is  mapped  out  by  a  distinct  arrangement  of  muscular 
fibres. 


Fl(i.  4. — Bladder  base  sliowing  relation  of  base  of  }<K 


Joining  each  ureteral  opening  is  a  muscular  band  known  as  Mercier's 
bar,  evident  in  most  bladders,  but  well  raised  and  thick  where  urethral 
obstruction  has  led  to  hypertrophj'. 

From  the  ureter  on  each  side  a  thick  band  of  muscle  passes  down 
towards  the  urethra.  These  bands  converge  and  unite  so  that  this  longi- 
tudinal muscle  flows  over  the  margin  of  the  urethral  opening  in  a 
continuous  sheet. 

In  the  centre  of  the  triangle  formed  by  these  bands  of  muscle  the  fibres 
appear  to  interlace  indiscriminately.  On  either  side  of,  and  behind,  this 
muscular  trigone  the  circular  muscle  of  the  bladder  may  be  distinguished. 

The  further  relations  of  the  muscular  bladder  base  to  the  Iwi-se  of  the 
prostate  are  boat  studied  hy  examining  microtome  sections. 
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In  a  sagittal  section  of  the  prostate  through  the  urethra  a  thick  layer  of 
noD-striped  muscle  is  seen  lying  on  the  upp<:r  surface  of  the  prostate  (fig.  5). 
If  the  layers  of  the  pcraterior  bladder  wall  are  traced  towards  the  prostate,  the 
outer  longitudinal  layer  becomes  lost  upon  the  upper  surface  of  the  gland. 
The  fibres  gradually  become  incorporated  with  the  non-striped  muscle  of 
the  stroma  of  the  organ.  In  front  of  the  urethra  the  longitudinal  layer 
of  muscle  approaches  the  anterior  wall  of  the  canal  and  becomes  lost  aiiiuiig 
the  bundles  of  circular,  non-striped  muscle  which  surround  it.  The  circular 
layer  of  bladder  muscle,  when  traced  from  the  posterior  wall,  approaches  the 


Fig.  5. — Medium  sagittal  section  ofjirostate. 

ladder  muacle.    B.  LongiUidlnaL  layer  ol  blndder  diub 

rrle.    D,  ['natrlped  aphlncUr  of  bladder.    E.  Longtlix 
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base  of  the  prostate,  but,  before  reaching  it,  is  replaced  by  a  thicker  layer  of 
circular  muscle  the  fibres  of  which  are  more  closely  set.  From  the  anterior 
wall  the  circular  layer  parses  quite  down  to  the  urethra  and  then  blends 
with  the  circular  muscle  surrounding  this  tube. 

When  the  mu.scle  lying  directly  upon  the  prostatic  base  is  examined, 
the  arrangement  is  found  to  differ  considerably  from  that  of  the  bladder 
wall.  A  few  fibres  of  the  outer  longitudinal  layer  of  the  posterior  bladder 
wall  are  found  intermingling  with  the  muscular  covering  and  with  the 
non-striped  muscle  of  the  prostatic  stroma.  The  circular  layer  of  bladder 
muscle  is,  however,  replaced  by  a  layer  of  fibres  which  are  more  compactly 
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set,  and,  although  circularly  arranged,  may  be  readily  distinguished  from 
those  of  the  bladder  wall.  This  layer,  as  it  approaches  the  urethra,  becomes 
thicker  and  forms  a  thick  wedge  behind  the  opening  of  the  urethra. 
Hence  it  is  continued  downwards  as  a  thin  layer  of  circular  muscle 
surrounding  the  urethra.  In  front  of  the  urethra  no  such  flat  layer  exists, 
but,  as  already  stated,  the  circular  bladder  muscle  is  continued  well  up 
to  the  urethra.  Along  the  front  wall  of  the  urethra,  however,  is  a  thick 
band  of  circular  muscle,  similar  in  its  compact  arrangement  to  that  lying 
upon  the  base  of  the  gland,  and  extending  as  a  gradually  thinning  layer 
to  the  apex  of  the  prostate. 

Lying  beneath  the  bladder  mucous  membrane  over  the  flat  wedge  of 
circular  muscle  is  a  longitudinal  layer  of  non-striped  muscle.  This  com- 
mences about  the  posterior  border  of  the  compact  circular  layer,  and  passes 
forwards  as  far  as  the  urethra,  where  it  dips  down  to  form  the  internal 
longitudinal  layer  of  that  canal.  In  front  of  the  urethra  these  longitudinal 
fibres  commence  only  a  short  way  in  front  of  the  urethral  opening,  and 
pass  backwards  into  the  wall  of  the  canal. 

In  sagittal  sections  more  laterally  placed  (fig.  6),  this  circular  and  longi- 
tudinal arrangement  of  muscle  on  the  bladder  base  maintains  almost  until 
the  region  of  the  ureteral  opening  is  reached.  In  a  section  at  the  latter 
plane,  one  lobe  of  the  prostate  is  seen  cut  vertically,  and  above  it  is  a 
continuous  layer  of  the  outer  longitudinal  bladder  muscle ;  above  this,  again, 
is  the  circular  bladder  muscle,  on  the  surface  of  which  is  seen  the  com- 
mencement of  the  ureter.  It  will  be  recognised,  therefore,  that  this  layer 
of  compact  circular  muscle  and  the  longitudinal  fibres  lying  upon  it  consti- 
tute the  trigone  of  the  bladder,  and  that  the  well-marked  posterior  margin 
of  these  forms  the  interureteral  bar  of  Mercier. 

What  then  constitutes  the  non-striped  vesical  sphincter?  In  my 
previous  writings  I  have  looked  upon  the  whole  of  this  flat  layer  of 
circular  muscle  as  constituting  the  spfiincter,  and  I  find  that  this  is  in 
agreement  with  the  view  of  Kalischer,  as  quoted  by  Frisch  and  Zucker- 
kandl  in  their  work  on  Urology,  published  in  1904.  Kalischer  describes 
the  sphincter  as  a  fan-shaped  muscle,  the  anterior  part  of  which  is  spread 
out  along  the  anterior  surface  of  the  prostatic  urethra.  Frisch  and 
Zuckerkandl,  however,  regard  only  the  wedge-shaped  portion  abutting 
upon,  the  urethral  orifice  as  the  vesical  sphincter.  Their  argument,  that 
the  rest  of  the  circular  trigone  muscle  must  be  at  a  disadvantage  as  regards 
sphincter  action  when  flattened  out  in"  the  distended  bladder,  seems  a 
sensible  one. 

With  the  microscope  the  limits  of  the  non-striped  muscular  prostatic 
stroma  and  of  the  overlying  muscle  of  the  trigone  are  by  no  means  clearly 
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defined.  The  bundles  of  non-atriped  muscle  intermingle,  so  that  it  is 
difficult  to  say  along  what  line  the  prostatic  stroma  ceases  and  the  muscle 
fibres  of  the  bladder  base  commence.  Further  outwards,  however,  where 
the  muscle  of  the  trigone  is  replaced  by  the  layers  of  the  bladder  wall,  the 


in 

Flo.  e.— Series  of  sagittal  sectJoiis  of  jiroatate  and  BOrroundingato  follow  fig.  5,     These  sections 
commence  at  the  middle  line  and  pass  to  the  right. 

A,  Circular  layer  o(  bladder  mnjcle.  B,  LonEitiidlnal  layer  ol  bladder  muMle,  C,  ClrCTilar  layer  at  trigone 
mnicle.  D.  Unntrlped  iphmctarof  hUdSer.  K,  Longitudinal  layer  of  Uigone  muacte.  O.  kight  Kmlnal 
vrllcle.  J,  PraatBtlcglsnil  tiaaae.  K,  Striped  tnuacleon  front  ^pnuUle.  M,  Rectum.  N,  VaadeCerena. 
O.  Right  ureter.    P,  Lentoranl  mnscle. 

definition  is  sharp,  for  the  outer  longitudinal  layer  of  bladder  muscle 
here  shows  no  tendency  to  mingle  with  the  fibres  of  the  prostatic  stroma. 

The  relations  of  the  prostate  to  its  sheath  and  to  the  base  of  the 
bladder  have  an  important  practical  bearing  on  the  surgery  of  the  prostate. 

The  operation  of  perineal  prostatectomy  consists  essentially  in  the 
exposure  of   the  posterior  surface  of  the  prastatic  sheath  from   the  peri- 
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neum,  in  the  incision  of  this  fascia  and  stripping  of  it  from  off  the  prostate, 
and  in  the  hemisection  of  the  prostate  and  dissection  of  each  half  from  the 
urethra  and  from  the  bladder  base.  It  will  be  recognised,  therefore,  that  the 
ready  separation  of  the  prostate  on  its  posterior  and  lateral  surfaces  from 
its  surrounding  sheath  of  fascia  is  a  point  of  special  importance  in  this 
operation. 

When  the  prostate  is  approached  by  the  suprapubic  route,  the  bladder 
base  intervenes  between  the  finger  of  the  operator  and  the  base  of  the 
prostate.  Certain  pathological  changes  take  place,  however,  during  the 
enlargement  of  the  gland  which  overcome  this  difficulty.  These  changes  I 
have  fully  discussed  elsewhere,  and  they  need  not  detain  us  here.  I  shall 
ask  you  to  accept  the  statement  that  the  enlarged  prostate  has  pushed  some 
part  of  its  bulk  through  the  lumen  of  the  sphincter  and  dilated  it  so  that 
only  the  mucous  membrane  of  the  bladder  covers  the  intruding  mass.  By 
stripping  off  the  mucous  membrane  the  finger  may  be  insinuated  alongside 
or  behind  this  mass  through  the  lumen  of  the  sphincter.  The  rest  of  the 
operation  now  consists  in  shelling  the  prostate  out  of  its  sheath.  In  doing 
so  the  upper  end  of  the  prostatic  urethra,  together  with  the  remains  of  the 
longitudinal  layer  of  trigone  muscle,  are  torn  through,  the  prostate  is 
separated  from  the  under  surface  of  the  bladder  base,  the  ejaculatory  ducts 
torn  across,  the  adhesion  along  the  anterior  surface  separated,  and  finally, 
the  prostatic  urethra  severed  about  its  junction  with  the  membranous 
portion.  The  points  of  difficulty  are  just  those  that  would  be  anticipated 
by  a  study  of  the  connections  of  the  normal  gland. 

The  Striped  Muscle  of  the  Prostate. 

I  have  already  referred  to  the  non-striped  sphincter  of  the  urethra, 
the  sphincter  vesicae,  and  it  is  necessary  to  consider  briefly  the  striped 
muscle  which  is  related  to  the  prostate. 

If  the  prostate  be  removed  from  the  body,  a  ring  of  striped  muscle  will 
be  found  surrounding  the  urethra  at  its  apex  (fig.  1,  H).  This  is  a  part  of 
the  compressor  urethras  muscle.  When  traced  upwards,  it  is  found  to  cover 
the  front  of  the  apex  of  the  prostate  for  a  short  distance,  and  here  it 
is  attached  to  the  fascia  on  either  side.  Viewed  from  the  surface  of  the 
sheath,  the  striped  muscle  appears  to  end  here.  Further  dissection  and 
microscopical  sections  show,  however,  that  it  dips  in  beneath  the  sheath 
at  this  point.  I  have  already  noted  that,  in  stripping  the  sheath  towards 
the  apex,  coarse  muscular  fibres  were  found  between  the  prostate  and 
the  sheath.     These  fibres  belong  to  the  continuation  of  this  muscle. 

If  horizontal  sections  of  the  prostate  be  made  at  right  angles  to  the 
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urethra,  what  appears  to  be  the  apex  of  the  organ  consists  of  circular 
muscular  fibres  surrounding  the  urethra,  and  is  therefore  the  upper  portion 
of  the  membranous  urethra.  As  the  sections  pass  upward,  the  striped  muscle 
is  found  to  cover  only  the  front  of  the  urethra.  At  a  slightly  higher 
level  the  gland  tissue  begins  to  appear,  and  a  wedge  of  non-striped  muscle, 
the  anterior  commissure  of  the  prostate,  separates  the  striped  muscle  from 
the  urethra.  The  striped  muscle  here  lies  between  the  anterior  commissure 
and  the  anterior  layer  of  the  sheath.  In  this  situation  the  layer  of 
striped  muscle  pa;Sses  upwards  on  the  front  of  the  prostate  as  far  as  the 
base  of  the  gland. 

A  section  of  the  prostate  at  the  level  of  the  verumontanum  (fig.  2)  shows 
a  thin  but  definite  layer  of  striped  muscle  lying  on  the  front  of  the  organ 
between  it  and  the  anterior  layer  of  the  sheath.  Traced  laterally,  a  few 
of  these  fibres  stray  among  the  non-striped  fibres  of  the  prostatic  stroma, 
but  the  layer  may  be  traced  on  each  side  on  the  surface  of  the  capsule  as 
far  back  as  the  level  of  the  urethra.  Here  the  fibres  gradually  diminish 
and  disappear. 

In  a  vertical  sagittal  section  of  the  prostate  this  striped  muscle  may 
be  traced  upwards  to  the  point  where  the  circular  bladder  muscle  joins  the 
sphincter  vesicae  in  front  of  the  base  of  the  prostate  (figs.  5,  6). 

Henle  described  this  muscle  under  the  name  "  sphincter  vesicae  externus." 
His  description  is  not  very  full,  but  the  sections  of  the  prostate  which 
he  draws  illustrate  the  layer.  I  have  not  observed,  in  my  sections, 
the  striped  muscle  fibres  which  this  author  traced  along  the  posterior 
surface  of  the  urethra  as  far  as  the  verumontanum,  and  in  my  sections 
the  layer  passes  higher  on  the  anterior  surface  than  Henle's  drawings 
would  indicate.  This  author  did  not  of  coui*Sse  discuss  its  relation  to  capsule 
and  sheath. 

The  functional  importance  of  this  striped  muscle  as  a  sphincter  of  the 
urethra  is  difficult  to  estimate. 

It  appeared  to  me  to  be  significant  that  in  a  specimen  that  I  recently 
described,^  where  the  walls  of  the  "  prostatic  cavity  "  were  examined  two 
years  after  the  operation  of  prostatectomy,  the  amount  of  these  striped 
muscle  fibres  in  the  sheath  seemed  much  in  excess  of  what  I  had  observed 
in  the  normal  gland. 

Of  the  surgical  importance  of  the  striped  muscle  surrounding  the 
urethra  at  the  apex  of  the  gland  I  have  no  doubt*  I  do  not  intend  to 
enter  into  the  much  discussed  question  as  to  whether  the  true  sphincter 
of  the  bladder  is  the  non-striped  muscle  at  the  internal  meatus,  or 
the  striped  muscle  surrounding  the  urethra  lower  down,  but  I  may  state 

»  Brit.  Med.  Jour.,  Oct.  7,  190.'). 
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my  opinion  that  after  the  operation  of  suprapubic  prostatectomy,  the 
striped  muscle  performs  a  very  important  part  in  retaining  the  lu-ine. 
In  some  of  the  patients  on  whom  I  had  performed  prostatectomy,  I  passed 
the  fine  catheter  of  a  Guyon's  syringe  into  the  cavity  left  by  removal 
of  the  prostate.  As  soon  as  the  bulbous  end  of  the  catheter  petssed 
the  constrictor  urethras  into  the  "prostatic  cavity,"  the  urine  began  to 
didp  away.  This  would  show  that  after  suprapubic  prostatectomy  the 
striped  sphincter  takes  on,  at  least,  the  major  part  of  the  retentive 
function.^ 

In  my  opinion  this  is  a  weighty  argument  against  the  perineal  drainage 
of  the  cavity  after  suprapubic  prostatectomy,  as  has  been  suggested ;  and 
further,  this  explains  a  fact,  which  I  think  is  undoubted,  that  the  control 
of  the  urine  after  prostatectomy  is  more  often  imperfect  after  the  perineal 
operation  than  after  the  suprapubic. 

The  Prostatic  Plexus. 

The  relation  of  the  plexus  of  veins  to  the  prostate  is  a  subject  of  vital 
surgical  interest. 

The  dorsal  vein  of  the  penis  passes  backwards  under  the  pubic  arch  to 
disappear  in  the  tissues  covering  the  front  of  the  prostate,  and  its  further 
course  is  best  studied  by  removing  the  pelvic  organs  from  the  body.  It  is 
then  found  that  this  vein  has  passed  on  singly  or  divided  in  two,  and  the 
openings  of  these  channels  are  found  in  the  front  of  the  prostate  a  little 
way  above  the  apex  of  the  organ,  just  below  the  line  along  which  the 
visceral  layer  of  pelvic  fascia  meets  that  organ.  On  slitting  up  the  veins  a 
number  of  channels  are  found  lying  on  the  front  of  the  prostate  These 
pass  upwards  towards  the  base  of  the  organ,  communicating  with  each 
other  by  lateral  branches. 

Arrived  at  the  base,  a  number  of  smaller  venous  channels  pass  outwards 
on  each  side  around  the  junction  of  the  bladder  and  prostate,  and  thus  form 
a  figure  resembling  somewhat  the  letter  Y,  the  vertical  stem  of  which  lies 
upon  the  anterior  surface  of  the  prostate,  while  the  arms  of  the  Y  embrace 
the  junction  of  bladder  and  prostate  on  each  side  (figs.  7,  8).     Thence  they 

^  This  was  not,  however,  invariably  the  case,  for  the  " prostatic  cavity"  in  some  of 
these  cases  was  empty  wlien  the  bladder  was  full,  and,  moreover,  no  urine  was  left  behind 
in  this  cavity  immediately  after  the  bladder  had  been  voluntarily  emptied.  One  may 
conclude  that  in  these  cases  the  bladder  sphincter  had  regained  its  function,  and  also  that 
there  was  sufficient  contractile  power  in  the  wall  of  the  prostatic  cavity  to  empty  it 
completely  of  urine.  The  latter  function  may  perhaps  be  referred  to  the  striped  muscle 
fibres  which  I  have  described  in  the  wall  of  the  cavity. 
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pass  upwards  and  outwards  to  join  the  internal  iliac  veins.  The  vertical 
stem  of  the  Y  represent  the  prostatic  plexus,  while  the  anns  are  the  main 
channels  of  the  vesico-prostatic  plexuses.  Dissection  of  the  veins  of  the 
prostatic  plexus  is  a  matter  of  some  difficulty,  for  they  are  firmly  embedded 
in  the  tissue  forming  the  anterior  layer  of  the  prostatic  sheath. 

The  number  and  arrangement  of  these  veins  varied  a  good  deal  in  the 
specimens  I  dissected.  Three  or  four  large  intercommunicating  channels 
were  a  common  occurrence.  At  the  base  a  transverse  communication 
was  usually  observed. 

The   lateral   extent  of   the  sinuses   seldom   passed  much   beyond   the 


YlO.  7.— Prostatic  plei 


vertical  line  of  reflexion  of  the  sheath  ou  the  front  of  the  prostate.  The 
veins  were  therefore,  for  the  most  part,  embedded  in  the  thick  compact 
anterior  layer  of  the  sheath,  and  the  lat«ral  layers  of  the  sheath  might  be 
reflected  from  off  the  prostate  without  damaging  any  vein  of  considerable 
size,  while  the  posterior  layer  of  the  sheath  was  quite  free  from  veins  of 
any  importance.  At  the  apex  of  the  prostate  a  large  vein  passed  outwards 
and  backwards  on  each  side. 

On  making  horizontal  sections  through  the  prostate,  these  veins  were 
seen  to  be  embedded  among  the  tiwaues  forming  the  anterior  layer  of  the 
sheath,  and  between  this  part  of  the  sheath  and  the  stroma  of  tlie  prostate 
was  the  thin  layer  of  striped  muHcle  which  has  already  claimed  attention. 

The  arms  of  the  Y  forming  the  vesico-prostatic  plexuses  consisted  of 
many   veins  of   much   smaller   calibre   than  those  of  the  ascending  stem. 
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These  might  be  seen  without  dissection  lying  upon  the  surface  of  the 
bladder,  just  above  the  attachment  of  the  rectovesical  fascia,  and  receiving 
the  veins  from  the  wall  of  the  bladder.  Larger  veins  were  placed  more 
deeply  in  the  angle  between  the  prostate  and  the  bladder,  and  these 
appeared  to  be  the  direct  continuation  of  the  sinuses  of  the  prostatic  plexus. 
Veins  passed  upwards  into  those  from  the  lobes  of  the  prostate,  but  the 
greater  number  of  these  prostatic  veins  appeared  to  pass  out  to  join  the 
plexus  at  the  point  of  junction  of  the  posterior  and  lateral  surfaces  and  the 


A,  RiRht  lobe  ol  proKite.  B,  Bladder.  D,  FroiUtle  pleiiu  on  interior  gurlBca 
of  prmUte,  B,  VHlco-proaUtlc  pleiui.  F,  End  ot  right  iciiilnal  realcle. 
O.Vudsfireni.    H,  Klght  uratBr. 

base.  Towards  the  posterior  part  of  the  prostate  these  plexases  came  into 
i-elation  with  the  end  of  the  seminal  vesicles,  the  vasa  deferentia,  and  the 
lower  ends  of  the  ureters,  and  received  veins  surrounding  these  structures 
(fig-8)- 

Some  variations  were  found  in  different  subjects.  Sometimes  the 
vertical  stem  of  the  Y  was  short,  and  the  arms  began  to  spread  outwards 
before  reaching  the  base  of  the  prostate.  The  veins  were  thus  spread  out 
over  a  greater  surface  of  the  front  of  the  prostate.  The  prostate  varies  a 
good  deal  in  size  within  normal  limits,  and  it  is  in  the  longer  prostates  that 
the  arrangement  described  is  best  seen.  In  small,  short,  poorly  developed 
glands  the  vertical  portion  of  the  plexus  is  much  shortened. 

It  will  be  seen,  therefore,  that  the  prostatic  plexus  comes  into  relation 
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with  the  prostate  only  along  the  anterior  surface  of  that  organ,  while  the 
vesico-prostatic  plexus  lies  above  the  level  of  the  prostate.  Further,  the 
prostatic  plexus  is  embedded  between  the  fibres  of  the  thick  anterior  layer 
of  the  sheath,  and  does  not  lie  between  the  sheath  and  the  capsule.  This 
view  of  the  prostatic  plexus  differs  very  materially  from  the  commonly 
accepted  descriptions.  I  had  already  made  my  dissections  and  notes  upon 
these  veins  when  Dr  Proust  of  Paris  drew  my  attention  to  his  thesis  of 
1900,  in  which  he  had  pointed  out  that  the  veins  lay  between  the  layers  of 
the  sheath  and  not  between  the  sheath  and  capsule.^ 

The  surgical  importance  of  these  observations  is  obvious.  In  perineal 
prostatectomy  the  posterior  surface  of  the  prostatic  sheath  is  exposed  and 
incised,  and  on  this  aspect  no  veins  of  any  importance  are  encountered. 

In  suprapubic  prostatectomy  the  danger  of  haemorrhage  from  the  pros- 
tatic plexus  was,  until  a  comparatively  recent  date,  held  to  be  imminent. 
It  was  said,  and,  according  to  the  usually  accepted  description  of  the  course 
and  position  of  the  prostatic  plexus,  with  some  logic,  that  if  the  entire 
prostate  were  removed,  the  prostatic  veins  lying  between  the  capsule  and 
the  sheath  must  be  torn  through  and  lead  to  fatal  haemorrhage.  When 
it  is  realised  that  these  venous  channels  lie  between  the  layers  of  the  sheath 
oix  the  front  of  the  prostate,  and  do  not  course  between  the  capsule  and 
the  sheath,  and  further,  that  at  the  side  of  the  organ  they  are  high  up  out 
of  danger,  the  feasibility  of  such  a  complete  operation  becomes  evident. 

The  Prostatic  Urethra. 

I  shall  only  touch  upon  one  point  in  regard  to  the  prostatic  urethra,  for 
I  have  already  discussed  the  non-striped  and  striped  muscle  sphincters 
which  relate  to  this  part  pf  the  canal. 

Examination  of  sagittal  and  horizontal  sections  through  the  prostate 
has  given  me  the  impression  that  this  part  of  the  urethra  is  by  no  means 
the  straight  vertical  tube  it  is  commonly  considered.  A  section  in  the  long 
axis  of  the  tube  shows  that  the  first  part  of  the  tube,  from  the  bladder 
opening  to  the  verumontanum,  is  straight  and  vertical.  At  the  verumon- 
tanum,  ho^'ever,  the  urethra  begins  to  curve  forwards,  and  the  remaining 
part  of  its  course  is  as  much  forwards  as  downwards. 

I  have  had  no  opporttinity  of  examining  frozen  sections,  so  that  some 
fallacy  may  underlie  this  observation,  but  the  curve  forwards  of  the  lower 
part  of  the  prostatic  urethra  was  so  constant  in  different  subjects,  that  the 
description  is  probably  reliable.     Horizontal  sections  of  the  prostate  show 

^  This  author  quotes,  in  his  work  on  prostatectomy,  published  in  1904,  a  description  of 
the  course  of  these  veins  by  Ziegler,  which  is  somewhat  similar  to  that  I  have  given. 
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that  at  the  entrance  of  the  bladder  the  urethra  lies  upon  the  same  plane  as 
the  anterior  borders  of  the  lateral  lobes.  From  this  level  to  the  verumon- 
tanum  it  gradually  sinks  backwards  in  relation  to  the  glandular  tissue,  so 
that  at  the  latter  level  it  is  midway  between  the  anterior  and  the  posterior 
surfaces  of  the  organ.  From  this  point  it  passes  more  and  more  towards 
the  front  of  the  organ  as  the  gland  tubules  disappear. 

Let  me  say  one  word  in  regard  to  the  clinical  anatomy  of  the  prostatic 
urethra.  I  have  previously  shown  ^  that  in  the  majority  of  cases  of 
suprapubic  prostatectomy  the  prostatic  uretlira  is  removed,  with  the 
exception  of  a  small  strip  which  represents  the  posterior  wall  of  the  canal 
from  the  membranous  urethra  up  to  the  verumontanum,  and  this  is  left 
adherent  to  the  sheath. 

I  have  examined  many  specimens  since  I  made  the  statement,  arid  I  am 
convinced  that  this  is  a  rule  from  which  there  are  but  few  exceptions. 

The  accepted  theory  of  the  act  of  micturition  is  that  a  few  drops  of 
urine  are  forced  into  the  sensitive  prostatic  urethra  from  the  distended 
bladder,  and  that  from  this  mucous  membrane  the  whole  reflex  of  micturition 
is  initiated. 

If  the  prostatic  urethra  is  removed,  whence  comes  the  sensation  which 
initiates  the  reflex  ? 

I  have  questioned  patients  after  the  operation  as  to  their  sensations,  and 
they  invariably  state  that  the  desire  to  micturate  differs  in  no  way  from 
that  which  they  experienced  before  the  urethra  was  mutilated. 

Is  it  possible  that  the  sensation  originates  in  the  strip  of  mucous 
membrane  that  is  left  behind  ?  I  hardly  think  that  this  is  likely,  for  in 
some  cases  this  part  of  the  urethral  wall  is  removed  also,  and  the  patients 
suffer  from  no  disability  in  regard  to  micturition.  I  think  it  is  probable 
that  we  shall  have  to  rearrange  our  ideas  in  regard  to  the  reflex  act  of 
micturition  if  these  observations  are  correct. 

The  Arrangement  of  the  Gland  Tissue. 

The  glaiid  tubules  lie  embedded  in  a  densely  woven  stroma  of  non- 
striped  muscle.  There  is  no  very  distinct  circular  arrangement  of  the 
fibres  of  the  stroma  around  the  individual  tubules.  At  the  surface  of  the 
organ  there  is  an  area  of  stroma  where  no  gland  tubules  can  be  seen  (flg.  2). 
This  area  varies  in  breadth ;  in  some  parts  the  tubules  approach  nearly  to 
the  surface,  in  others  they  lie  well  back  so  as  to  leave  a  broa3  rim  unoccupied. 
The  fibres  at  this  part  are  more  circular  in  their  arrangement  than  they  are 

*  Mtdico-Chirurgical   Transactions,  London,    1904  ;   Archives  of  the  Middlesex  Hospital^ 
vol.  iv.,  19<)5  ;  British  Medical  Journal^  July  9,  1904. 
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elHGwhere  in  the  organ.  This  rim  of  stroma  is  the  true  capsule  of  the 
prostate.  It  cannot  be  dissected  away  without  injury  to  the  prostatic, 
tubules,  for  it  is  a  part  of  the  stroma  and  intimately  connected  with  the 
intertubular  stroma.  I  have  not  observed  the  bands  of  tissue  which  are 
said  to  pass  inwards  from  the  capsule  towards  the  urethra.  The  tubules 
arc  merely  set  in  a  meshwork  of  stroma,  and  are  much  less  regular  in  their 
arrangement  than  one  would  expect  from  some  descriptions. 

The  distribution  of  gland  tissue  varies  at  different  levels.  A  section  at 
the  apex  of  the  organ  shows  the  urethra  surrounded  by  striped  muscle. 
At  a  slightly  higher  level  the  gland  tissue  begins  to  appear,  and  is  found 
in  small  amount  on  each  side  of  the  urethra,  while  a  few"  tubules  may  be 
found  behind  that  tube.  Still  higher  up  the  lateral  masses  of  gland  tissue 
increase  in  dimensions,  and  here  a  thin  band  of  gland  tiasue  unites  the 
lateral  lobes  behind  the  urethra. 

At  the  level  of  the  verumontanum  the  gland  is  in  the  form  of  two 
masses  whigh  lie  on  either  side  of  the  urethra,  and  a  broad  tract  of  gland 
tissue  unites  these  behind  the  canal  (fig.  2).  Here  the  ejaculatory  ducts  and 
sinus  pocularis  begin  to  pass  backwards  and  indent  the  uniting  band 
of  gland  tissue.  Horizontal  sections  above  this  level  show  the  ejaculatory 
ducts  and  a  surrounding  sheath  of  non-striped  muscle  passing  backwards, 
and  another  band  of  gland  tissue  appears  between  them  and  the  urethra, 
and  this  increases  so  tliat  at  the  upper  limit  of  the  prostate  the  gland  tissue 
is  in  the  form  of  a  horse-shoe  formed  by  the  lateral  lobes  on  either  side, 
and  this  posterior  band  connecting  them  behind  the  urethra. 

The  wedge  of  gland  tissue  which  lies  betw^een  the  receding  ejaculatory 
ducts  and  the  urethra,  and  forms  the  connecting  link  between  the  upper 
extremities  of  the  lateral  lobes,  corresponds  to  the  median  lobe  of  Sir 
Everard  Home.  There  was  no  separation  of  this  portion  into  a  special 
lobe  in  my  specimens. 

In  front  of  the  urethra,  along  the  whole  length  of  the  prostate,  is  a 
vertical  wedge  of  non-striped  muscle  tissue.  This  anterior  commissure 
separates  the  tw^o  lateral  lobes.  It  was  present  in  all  the  specimens  I 
examined,  although  it  varied  a  good  deal  in  breadth,  and  in  one  subject 
the  lateral  lobes  approached  each  other  so  closely  in  front  of  the  urethra 
that  the  commissure  was  scarcely  demonstrable  at  the  level  of  the  verumon- 
tanum. 

In  most  specimens  a  few  small  gland  tubules  were  embedded  in  the 
anterior  commissure,  but  it  was  difficult  to  judge  w^hether  these  opened 
upon  the  anterior  wall  of  the  urethra  or  were  merely  prolongations  of 
tubules  from  the  lateral  lobes. 
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The  Seminal  Vesicles. 

I  shall  close  with  a  brief  reference  to  the  position  and  relations  of 
the  seminal  vesicles.  I  confess  that  on  commencing  clinical  work  I  was 
firmly  imbued  with  the  idea  that  the  seminal  vesicles  passed  upwards 
and  outwards  along  the  posterior  wall  of  the  bladder,  diverging  slightly  in 
their  course,  and  that  only  a  small  part  of  these  organs  was  palpable  by 
the  finger  in  the  rectum,  the  remaining  half  or  more  being  out  of  reach. 
This  impression  was  gained  from  my  anatomical  reading,  and  I  was 
therefore  surprised  to  find  that  the  diseased  seminal  vesicle  was  well 
within  the  reach  of  my  finger  to  the  whole  of  its  extent.  This  led  me  to 
examine  these  organs  when  I  was  dissecting  the  prostate,  and  I  found 
that  my  clinical  observations  had  not  led  me  astray.  In  my  dissections 
the  seminal  vesicles  lay  along  the  upper  border  of  the  prostate  and  passed 
out  in  a  transverse  direction  on  each  side  for  a  variable  distance  beyond  the 
lobes  of  that  organ  (fig.  9).  The  outer  end  of  the  vesicles  turned  slightly 
upwards  as  they  passed  round  the  sides  of  the  bladder.  Above  each 
vesicle  was  the  corresponding  vas  deferens,  the  ampulla  of  which  rested 
on  the  border  and  upper  surface  of  the  vesicle.  Only  at  the  outer  end 
of  the  seminal  vesicle  did  the  duct  curve  upwards  to  cross  the  lower  end  of 
the  ureter.  Tlie  ureters  disappeared  beneath  the  vas  deferens  and  the 
outer  end  of  the  seminal  vesicle,  but  could  sometimes  be  dissected  just 
as  they  entered  the  bladder  wall  on  the  inner  side  of  the  vasa  deferentia. 

The  vesicles  and  vasa  were  invariably  bound  down  to  the  bladder  wall 
by  a  firm  and  well-defined  layer  of  fascia  which,  when  dissected,  passed 
down  to  be  attached  along  the  margin  of  the  base  of  the  prostate. 

The  relation  of  the  peritoneum  to  these  organs  will  be  seen  by  referring 
to  the  accompanying  drawing.  The  peritoneum  of  the  rectovesical  pouch 
descends  so  as  to  cover  the  vasa  deferentia,  and  about  one-half  of  the 
breadth  of  the  vesicle.  The  lateral  extent  of  this  pouch  gives  a  peritoneal 
covering  to  about  one-half  of  the  length  of  the  vesicle  on  each  side. 

The  clinical  importance  of  this  is  obvious,  for  it  is  realised  that  the 
seminal  vesicle  is  well  within  the  reach  of  a  finger  in  the  rectum. 

I  do  not  doubt  that  this  relation  of  the  vesicles  is  familiar  to  many  or 
all  of  you,  but  it  has  not  yet  found  its  way  into  anatomical  text-books,  and 
I  take  this  opportunity  of  drawing  your  attention  to  it. 

The  relation  of  the  vesicles  to  the  bladder  base  is  of  considerable  import- 
ance to  the  surgeon,  and  especially  where  the  cystoscope  is  used. 

I  have  mapped  out  on  the  base  of  the  bladder  the  outlines  of  the  under- 
lying prostate  and  seminal  vesicles.     You  will  see  that  the  ve^^icl^  underlie 
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tlie   posterior  part  of  the  trigone,  and  extend  beyond  it  posteriorly  and 
laterally. 


Fio,  9.—  DUnectiDn  of  pwterinr  Burfnce  of  bladder  aud  iirostatf,  showing  structures  in 
reUtiou  to  the  anterior  wall  of  tlio  rectum.     {■ 
ler.    C,  SemlNil  ve 

pnuch  nt  Dooglu  to 
tine  arawing  HhiiWB  \ba  ureters  tuo  nign  up.     ine  unp«r  oeruer  oi  tne  jirvnuiw  is 
hnrliontal  and  not  rounded  off  ai  here  depicted.) 

The  outline,  more  accurately  atated,  commences  at  the  centre  of  the 
trigone  half  an  inch  behind  the  internal  meatus  and  passes  outwards, 
sweeping  round  the  opening  of  the  ureter  about  a  quarter  or  half  an  inch 
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from  the  opening,  and  then  passing  inwards  behind  the  inter-ureteral  bar 
of  Mercier  to  the  middle  line,  where  it  dips  down  as  far  as  the  posterior 
margin  of  that  bar.  If  a  similar  line  be  drawn  on  the  other  side,  the 
vesicles  will  be  mapped  out.  From  tip  to  tip  the  vesicles  measured  about 
two  inches  across  (one-  and  fifteen-sixteenths)  in  this  specimen.  From  the 
internal  meatus  to  each  tip  one  and  a  half  inches. 

These  numbers  are  merely  tentative,  they  require  to  be  corroborated  by 
a  series  of  observations  before  being  taken  as  the  average  measurements. 

You  will  realise  how  difficult  is  the  accurate  palpation  of  the  trigone  of 
the  bladder  by  the  finger  in  the  rectum  when  the  prostate  underlies  the 
anterior  half  and  the  seminal  vesicles  the  posterior  half. 

I  must  tender  my  grateful  thanks  to  Dr  R.  A.  Young  of  the  Middlesex 
Hospital,  and  to  Mr  J.  R.  Lunn  of  the  Marylebone  Infirmary,  for  supplying 
me  with  material  for  dissection;  and  also  to  Mr  A.  G.  R.  Foulerton  for 
facilities  for  carrying  out  the  work  in  the  clinical  laboratories  of  the 
Middlesex  Hospital.  I  would  further  express  my  thanks  to  Mr  G.  L.  Cheatle, 
in  whose  laboratory  were  cut  some  of  the  sections  from  which  fig.  6  was 
constructed. 


ON  THE  ANATOMY  OF  THE  CALAMUS  REGION  IN  THE  HUMAN 
BULB;  WITH  AN  ACCOUNT  OF  A  HITHERTO  UNDE- 
SCRIBED  "  NUCLEUS  POSTREMUS."     By  J.  T.  Wilson,  Pro- 

fessor  of  Ancdomy  in  the  University  of  Sydney,  N.S.  W. 

Part  I. 

§  I.  Commentary  upon  Current  Descriptions  of  the  Calamus 

ScRiPTORius  Region. 

The  current  descriptions  of  the  anatomical  characters  of  the  region  of  the 
calamus  scriptorius  are  neither  uniform  nor  wholly  consistent  with  one  an- 
other. There  is  also  a  notable  lack  of  exact  information  in  regard  to  the  finer 
structural  details.  When  one  turns  to  the  standard  text-books  of  anatomy, 
or  even  to  the  now  rather  numerous  special  treatises  on  neurologj^,  in 
search  of  an  explanation  of  the  precise  manner  in  wliich  the  central  canal 
of  the  medulla  oblongata  actually  expands  into  the  cavity  of  the  fourth 
ventricle,  only  vague  and  general  statements  are,  for  the  most  part,  met 
with.  The  process  of  opening-out  is  apparently  assumed  to  be  a  c|uite 
simple  and  self-evident  one.  Whenever  the  limits  of  more  general  state- 
ment are  overstepped,  marked  discrepancies  between  different  descriptions 
appear.  It  may  be  presumed  that  myriads  of  microscopical  sections  from 
this  region  have  been  cut,  stained,  and  mounted,  yet  I  am  not  aware  of  a 
single  text-book  figure  which  adequately  illustrates  the  transitional  structural 
characters  met  with  in  passing  from  central  canal  to  fourth  ventricle.  The 
various  figures  which  purport  to  do  so — few  as  they  are  in  number — are 
extraordinarily  divergent  in  appearance. 

Two  or  three  instances,  only,  need  be  here  referred  to  in  illustration  of 
these  statements. 

In  Qicain*8  AvAitomy  (1893,  p.  47)  we  read  only  that  "  the  central  canal 
of  the  cord,  after  becoming  somewhat  enlarged  and  cleft-like,  opens  out 
superiorly.  The  opening-out  seems  as  if  affected  by  the  divergence  of  the 
nuclei  funiculi  graciles  et  cuneati  on  either  side  at  an  acute  angle."  No 
illustrative  figure  is  given  of  a  section  at  the  calamus,  and  the  two  figures 
illustrating  the  structure  below  the  calamus  (figs.  43  and  45,  after  Schwalbe 
and  Lockhart-Clarke  respectively)  are  largely  diagrammatical. 

Even  V.  Koelliker  (1896),  in  his  splendidly  illustrated  Handbiwh,  figures 


Anatomy  of  tlie  Calamus  Region  in  the  Human  Bulb  211 

no  section  at  the  apex  of  the  calamus,  nor  any  section  showing  the  actual 
manner  of  transition  into  the  fourth  ventricle. 

Edinger  (1900)  describes  (p.  387)  the  dorsal  columns  as  diverging  from 
one  another,  "  thus  exposing  the  posterior  grey  commissure  in  tlie  angle 
between  them.  At  this  level  the  central  canal  expands  into  the  fourth 
ventricle;  its  covering  thinning  and  expanding  to  form  the  roof  of  the 
latter."  The  illustrative  figures  are  professedly  schematic,  and  do  not  aid  in 
elucidating  the  finer  details  of  the  transition. 

A  like  criticism  may  be  passed  upon  Van  Gehuchten's  general  description 
and  figures  (1900,  pp.  16,  18-19,  figs  341  and  342).  This  author  holds,  how- 
ever, that  the  essential  factor  in  the  expansion  is  to  be  recognised,  not  in 
the  divergence  of  the  dorsal  columns  from  one  another,  but  in  their  actual 
termination  here  as  such.  In  another  series  of  figures  this  author  further 
illustrates  the  transition-region  of  the  neural  canal  in  the  rabbit.  In  these 
figures  there  appear  several  features,  not  specially  commented  upon  in  the 
text,  to  which  reference  will  be  made  later  on. 

In  the  macroscopical  part  of  his  description  of  the  encephalon,  Ziehen 
(1899)  makes  reference  to  the  manner  of  opening-out  of  the  central  canal. 
His  work  is  illustrated  by  low-power  photographs,  but  in  the  absence,  thus 
far,  of  the  microscopical  section  of  his  work,  a  representation  of  the  finer 
details  could  not  well  be  looked  for.  His  description  (p.  387)  is  to  theeflfect 
that  at  the  "  apertura  canalis  centralis,"  through  which  the  central  canal 
opens  out  into  the  cavity  of  the  fourth  ventricle,  "  the  roof  of  the  central 
canal  disappears  relatively  abruptly,  giving  the  impression  that  the  dorsal 
columns  which  had  constituted  the  roof  of  the  spinal  medulla,  and  of  the 
caudal  segment  of  the  medulla  oblongata,  suddenly  diverged,  ....  thus 
leading  to  the  abrupt  widening  of  the  central  canal  into  the  fourth 
ventricle."  In  the  chapter  on  macroscopical  sectioiial  anatomy,  noth- 
ing is  added  to  the  conception  thus  stated.  A  photomicrogi'aph  is, 
however,  reproduced  in  fig.  176,  which  purports  to  represent  a  section 
through  the  region  of  the  opening  of  the  central  canal  into  the  fourth 
ventricle.  The  section  of  the  widening  canal  is  here  represented  to  be  a 
small,  equilaterally  triangular  opening  overhung  by  a  slender  bridge 
of  tissue  which  is  stated  to  be  the  obex.  I  cannot  avoid  the  conviction 
that  Ziehen  has  misinterpreted  the  section  represented  by  the  photo- 
micrograph. It  assuredly  does  not  correspond  to  a  transverse  section 
through  the  region  of  the  apex  of  the  calamus  scriptorius,  or  of  the  genuine 
"  Bereich  der  Eroffiiung  des  Central  kanals."  Both  in  general  contour  and  in 
various  individual  structural  features  the  section  answers  to  a  transverse 
plane  above  the  level  indicated,  i.e.  to  a  plane  in  which  the  lumen  of  the 
neural  canal  has  already  expanded  into  a  w^idely  open  ventricular  cavity. 
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Neither  in  any  other  published  figure  of  the  sectional  anatomy  of  tliia 
region  that  I  have  been  able  to  discover,  nor  in  a  single  one  of  eight  series  of 
sections  which  1  have  myself  specially  examined  with  reference  to  this 
point,  does  the  sectional  contour  of  tlie  medulla  oblongata,  at  the  plane  of 
the  opening-out  of  the  central  canal,  at  all  resemble  the  form  shown 
in  Ziehen's  figure ;  but,  on  the  other  hand,  the  latter  entirely  corresponds 
with  the  general  contour  of  sections  taken  at  a  higher  level  than  that 
ascribed  to  the  section.  The  central  grey  matter  is  not  distributed  as 
around  a  central  canal  about  to  open,  but  is  already  spread  out  dorso-later- 
ally  and  superficially,  as  upon  the  floor  of  a  fourth  ventricle.  Again,  the 
restiform  bodies  have,  in  the  section  under  notice,  already  been  largely  con- 
stituted as  lateral  prominences  widely  remote  from  one  another — a  relation- 
ship which  is  utterly  inconsistent  with  the  notion  that  the  section  is  from 
the  plane  of  the  inferior  angle  of  the  fossa  rhomboidalis.  And,  again,  the 
depressed  dorsal  contour-line  of  the  section  shows  traces  of  the  character- 
istic modelling  of  the  ventricular  floor.  I  am  confident  that  the  genuine 
thin  ventricular  roof  had  simply  been  lost  in  the  preparation  of  the  section. 
(The  pia  mater  is  defective  around  the  entire  contour  of  the  preparation.) 
Traces  of  the  original  site  of  attachment  of  the  absent  ventricular  roof  are, 
indeed,  actually  visible  in  the  photographic  illustration,  especially  on  the 
left  side  and  a  considerable  distance  out,  in  fact  just  lateral  to  the  reference 
line  lettered  Trs.  It  is  easy  to  recognise  the  corresponding  place  on  the  right 
side,  though  the  roof -attachment  has  there  left  practically  no  vestige.  An 
inspection  of  fig.  6  (p.  237),  which  is  a  reproduction  of  a  photomicrograph  of  a 
cross-section  through  an  adult  human  medulla  oblongata,  will  suffice  to  show 
its  essential  correspondence  with  Ziehen's  fig.  176.  It  represents  a  section 
taken  considerably  above  tlie  level  of  the  opening-out  of  the  central  canal. 
In  so  far  as  it  differs  from  Ziehen's  figure,  it  does  so  in  virtue  of  the  fact 
that  it  represents  a  lower,  or  vuyre  caiKhd,  plane  than  that  really  represented 
by  the  former.  Yet  its  shows  the  neural  canal  as  an  already  widely  open 
ventricular  cavity.  ' 

Ziehen  has  doubtless  been  misled  by  his  interpretation  of  the  slender 
band  of  tissue,  which  is  seen  in  his  figure  bridging  over  the  opening  of  his 
"  central  canal,"  as  an  "  obex."  This  latter  it  certainly  is  not.  Its  probable 
correct  interpretation  will  appear  further  on  in  this  paper.  But  in  refusing 
the  name  of  "  obex  "  to  the  bridge  of  tissue  which  appears  in  Ziehen's  figure, 
I  am  not  denying  that  the  small  triangular  space  which  Ziehen  interprets 
as  "  apertura  canalis  centralis  "  is  really  a  passage  prolonged  from  the  central 
canal  of  the  medulla  oblongata.  But  I  do  maintain  that  the  opening  of 
this  passage  into  the  cavity  of  the  ventricle  does  not  represent,  and  is  not 
situated  in  the  plane  of,  the  true  morphological  expansion  of  the  central 
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canal  into  the  cavity  of  the  rhombencephalon ;  nor  does  it  coincide  with  the 
apex  of  the  calamus  scriptorius.  Tlie  latter  point  is  situated  some  distance 
caudal  of  the  plane  of  the  section  figured  by  Ziehen. 

The  error  in  Ziehen's  interpretation  could  not  have  arisen  had  the 
ventricular  roof  been  preserved  in  the  sections  figured.  The  feict  is,  that  no 
observations  on  the  detailed  anatomy  of  this  region  can  nowadays  be 
regarded  as  adequate  and  conclusive  unless  carried  out  with  the  aid  of 
methods  which  avoid  the  destruction,  or  the  extreme  displacement,  of  the 
pia-ependj''ma.  It  is  unfortunate  that,  in  those  chapters  of  an  important 
treatise  which  deal  explicitly  with  the  macroscopical  anatomy  of  the 
rhombencephalon,  there  should  be  no  attempt  to  reproduce,  in  the  sectional 
figures,  the  important  relations  of  the  ventricular  roof. 

So  far  as  I  am  aware,  the  only  text-book  in  which  there  is  to  be  found 
anything  like  an  adequate  discussion  of  the  mode  of  opening-out  of  the 
central  canal  into  the  fourth  ventricle,  is  Henle's  Nervenlehre  (1873).  The 
methods  of  preparation  at  Henle's  command  thirty  years  ago  were  insufficient 
to  the  complete  preservation  of  the  normal  relations  of  the  pia  and  the 
intimately  related  ependyma.  Consequently  Henle's  conception  of  the  roof 
of  the  fourth  ventricle  was  an  imperfect  one.  Tlie  cavity  itself  is  regarded 
as  a  wide  expansion  of  the  dorsal  media n  fissure  continued  up  from  the 
caudal  segment  of  the  medulla  oblongata.  Into  this  fissure,  either  just 
before  or  at  the  point  of  its  lateral  expansion  to  form  the  ventricle,  the 
central  canal  of  the  lower  part  of  the  medulla  oblongata  is  represented  as 
opening. 

An  imperfect  conception  of  this  kind  does,  of  course,  necessarily  vitiate 
Henle's  account  of  the  anatomy  of  the  region.  Nevertheless,  in  spite  of  the 
limitation  and  distortion  thus  imposed,  Henle's  descriptions  are  more 
objective  and  more  complete  in  detail  than  those  now  ordinarily  current. 
Nor  is  it  difficult  to  interpret  them  into  more  modern  language  and  to 
read  them  in  the  light  of*  more  recent  morphological  and  developmental 
conceptions. 

§  II  Special  Commentary  upon  Henle's  Classification  of  Variations 
IN  THE  Structural  Characters  of  the  Ventricular  Opening  of 
THE  Central  Canal  of  the  Bulb. 

A  closer  examination  of  Henle's  account  may  serve  a  useful  purpose  at 
this  juncture.  Two  separate  categories  of  cases  were  recognised  by  Henle 
as  exhibiting  different  methods  of  opening  of  the  central  canal  of  the  bulb. 
(1)  One  category  embraces  those  cases  in  which  the  canal  opens  dorsally 
into  the  widening  "  posterior  median  fissure,"  between  the  anterior  ends  of 
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the  two  clav8e;  (2)  another  includes  those  eased  in  which  it  opens  upon 
the  floor  of  the  fourth  ventricle,  close  in  front  of  the  ends  of  the  clavse. 

Of  the  first  class  of  cases  he  says  that  the  bridge  of  tissue,  separating 
the  canal  from  the  bottom  of  the  posterior  median  fissure,  gradually  thins 
out  and  disappears.  But  two  varieties  occur  under  this  category.  In  one 
variety  (a)  the  central  canal  increases  only  slightly  in  sagittal  extent  before 
it  opens  into  the  gradually  deepening  pasterior  median  sulcus  (cf,  his  fig.  144). 
In  some  of  these  cases,  indeed,  he  says  that  the  central  canal  is  obliterated 
almast  up  to  the  point  where  the  opening  occurs.  In  the  other  variety  (b) 
the  median  fissure  remains  shallow,  becoming  even  shallower  as  it  is  traced 
upwards,  whilst  the  central  canal  increases  in  its  sagittal  diameter  and  the 
thin  partition  between  it  and  the  shallow  median  sulcus  is  at  last  broken 
through.  He  figures  a  central  canal  exhibiting  these  latter  characteristics 
in  his  fig.  134. 

There  can  be  no  doubt  that  Henle's  distinction  between  the  conditions 
illustrated  by  his  two  figs.  134  and  144  is  based  upon  a  misapprehension 
of  the  nature  of  the  deep  cleft  shown  in  fig.  144.  The  latter  figure  is 
imperfect,  in  its  lack  of  any  indication  of  the  line  of  attachment  of  the 
ependymal  roof  of  the  neural  cavity.  Henle  was  certainly  mistaken  in 
regarding  the  major  portion  of  the  cleft  as  "posterior  median  fissura" 
The  sulci  in  the  lateral  walls  are  undoubtedly  intraventricular,  or  at 
least  intramedullary.  The  entire  loss  of  the  pia  mater— a  loss  or  dis- 
placement which  the  less  perfect  technique  of  Henle's  day  rendered 
practically  unavoidable — had  involved  the  destruction  of  an  ependymal  roof 
which  was  certainly  originally  present,  covering  over  the  cleft-like  cavity 
dorsally.  The  condition  illustrated  in  Henle's  fig.  144  is,  in  fact,  quite  easily 
derivable  from  that  shown  in  his  fig.  134  by  a  process  of  slight  lateral 
expansion  of  the  cavity,  accompanied  by  a  thin  ependymal  expansion  of  the 
roof-plate,  traces  of  whose  attachment  ought  to  be  visible  dorsally  in  such  a 
preparation  as  that  represented  in  fig.  144.^ 

The  second  class  of  cases  recognised  by  Henle  consists  of  those  in 
which  the  central  canal  is  prolonged  some  distance  in  front  of  the  clavje 
before  it  opens  in  the  median  sulcus  of  the  floor  of  the  ventricle.  His  fig. 
145  illustrates  a  section  in  such  a  case,  showing  a  small  canal  prolonged 
forwards  between  the  hypoglossal  nuclei,  beneath  the  floor  of  an  already 
open  ventricle.  Upon  this  he  remarks  that,  "  Es  ist  die  graue,  die  beiden 
Accessoriuskerne  verbindende  Substanz,  die  der  Centralcanal  durchbricht, 
und  diese  breitete  sich  von  der  Furche  her  als  diinne  Rindenschichte  nach 

^  Streeter  (1903)  seems  to  have  dropj)ed  into  the  same  error  when  he  Fays  (p.  304),  "  In 
fig.  3  the  posterior  h)ngitiidinal  fissure  has  become  continuoii«  with  the  central  canal,  but 
is  In'idged  over  dorsally  by  the  obex." 
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beiden  Seiten  liber  die  am  Boden  Ventrikels  befindliehen  Gebilde  aus. 
Was  man  als  Obex  beschreibt,  der  zwisehen  den  Clavae  sichtbare  Rand  der 
hinteren  Wand  des  Centralcanals,  hat  demnach  ebenfalls  veracheidene 
Structur,  besteht  aus  weisser  oder  grauer  Substanz."  Thus  it  is  plain  that 
Henle's  lack  of  exact  knowledge  of  the  ependymal  roof-arrangements  of 
the  fourth  ventricle  led  him  to  confuse,  under  the  one  term  of  "  obex,"  two 
quite  different  structural  masses.  As  we  shall  presently  recognise,  the  obex 
has  nothing  whatever  in  common  with  the  bridge  of  tissue  roofing  over 
the  terminal  pai-t  of  such  a  canal  as  is  figured  by  Henle  in  his  fig.  145, 
opening  in  the  median  sulcus  of  the  floor  of  the  fourth  ventricle.  It  is  this 
identical  confusion  that  Ziehen  has  perpetuated,  being  misled  by  a  specimen 
possessing  characters  essentially  similar  to  those  exhibited  by  Henle's 
second  category  of  cases.  Unlike  Henle,  however,  Ziehen  apparently  does 
not  distinguish  this  form  from  that  of  the  (more  typical)  class  of  cases  in 
which  a  cleft-like  "  apertura  canalis  centralis  "  debouches  into  the  ventricle 
under  the  cover  of  a  true  obex.  It  is  a  true  obex  that  Ziehen  describes  in 
his  very  clear  account  of  the  "  obex  "  on  pp.  400-401.  It  is  a  structure 
entirely  different  from  this  that  he  labels  and  describes  as  "  obex "  in  his 
fig.  176  and  its  text  explanation. 

Some  further  discussion  of  the  nature  and  relations  of  the  obex  may 
tlierefore  be  regarded  as  not  wholly  superfluous  in  this  connection. 

§  III.  Discussion  of  the  Nature  of  the  Obex,  and  of  its  Relations  to 
THE  Ventricular  Roof  and  the  Foramen  of  Maoendie. 

In  Retzius  s  great  work,  Da^  MenHchenhi'ni  (1896),  we  find  a  thoroughly 
objective  description  of  the  fourth  ventricle,  abundantly  illustrated  by 
figures  of  the  highest  excellence.  Here  the  constitution  of  the  roof  of 
the  fourth  ventricle  is  accurately  set  forth  and  portrayed.  Amongst 
other  points,  the  genuineness  of  the  foramen  of  Magendie  as  a  normal 
aperture  is  anew  substantiated.  The  obex  is  defined  as  a  short  arcuate 
band  of  brain-substance  stretched  across  in  front  of  the  two  clavse.  It 
is  stated  to  l)e  a  (juite  inconsiderable  structure,  lacking  in  the  majority 
of  cases,  and,  even  where  present,  exhibiting  very  various  degrees  of  develop- 
ment. When  it  is  present,  it  is  found  at  the  hinder  margin  of  the  foramen 
of  Magendie.  In  the  majority  of  cases,  however,  the  hinder  border  of  this 
foramen  is  stated  to  be  formed  by  a  sharply  defined  pial  fold,  immediately 
in  front  of  which  the  ventricular  ependyma  begins.  In  most  cases  in  which 
an  obvious  obex  is  present,  a  close  inspection  reveals,  behind  it,  a  similar 
pial  fold.  Retzius  holds  this  latter  to  be  the  genuine  posterior  margin 
of  the  foramen  of  Magendie,  and  not  the  obex  itself. 
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The  inconstancy  in  character  of  the  obex  has  been  recognised  by 
anatomists  generally.  Upon  the  question  of  its  relation  to  the  roof 
of  the  ventricle  in  general,  and  to  the  foramen  of  Magendie  in  particular, 
further  light  has,  I  think,  been  shed  by  the  investigations  of  Blake.  In 
1898  this  author  published  a  paper  dealing  with  the  anatomy  and 
comparative  anatomy  of  the  roof  and  lateral  recesses  of  the  fourth 
ventricle.  Amongst  Blake's  conclusions  are  the  following: — "(4)  That 
in  mammalia  and  aves  a  caudal  protrusion  of  the  roof  of  the  fourth 
ventricle  is  formed  at  some  stage  in  their  embryonic  life.  (5)  That  in 
mammalia  there  is  a  tendency  to  the  absorption  of  the  ventricular  epithelium 
unless  it  is  supported  by  nervous  matter  or  by  the  pia  of  neighbouring 
structures.  (6)  That  in  man  the  caudal  protrusion  becomes  lost,  giving 
rise  to  a  metapore  (foramen  Magendii).  (7)  That  in  all  Anthropoideae 
there  is  generally  a  similar  metapore  formation.  (9)  That  in  the  lower 
mammalia  the  caudal  protrusion,  as  a  rule,  remains  closed.'* 

From  the  facts  and  observations  detailed  in  Blake's  paper,  it  seems 
tolerably  well  established  that  the  foramen  of  Magendie,  so  far  from  being 
an  artefact,  is  really  the  imperfect  representative  of  an  epithelial  evagina- 
tion  of  the  cavity  of  the  rhombencephalon.  The  epithelial  parietes  of 
the  body  or  fundus  of  this  evagination  seem  largely  to  disappear  in  man 
and  in  the  higher  mammalia;  so  that  its  cavity  becomes  continuous 
with  tlie  cavity  of  the  subarachnoid  space.  The  remark  of  Blake  that 
the  metapore,  or  foramen  of  Magendie,  is  "essentially  not  an  aperture 
in  the  roof,  but  rather  the  disappearance  of  the  end  of  a  structure,"  is 
perhaps  infelicitous,  but  it  is  nevertlieless  quite  intelligible  when  read 
in  connection  with  his  drawings,  notably  his  fig.  26.  In  lower 
mammalia  the  body  of  the  caudal  protrusion  seems  to  retain  its  integrity, 
and  persists  as  a  saccular  evagination  lying  on  the  dorsal  aspect  of  the 
caudal  segment  of  the  bulb.  The  latter  condition  is  illustrated  in  Blake's 
figs.  24  and  25  of  sagittal  sections  from  Didelphys  and  Canis  respectively. 
They  are  to  be  compared  with  his  fig.  26  of  a  sagittal  section  through  the 
corresponding  region  of  the  human  fcetus. 

It  is  true  that  in  the  great  majority  of  instances  only  relics  of  the  walls 
of  the  original  saccular  protrusion  are  preserved  in  the  adult  human  subject. 
I  have,  however,  observed  one  or  two  cases  in  which  the  preservation  of  a 
very  considerable  proportion  of  the  original  parietes  of  the  evaginated 
saccular  protrusion  could  easily  be  verified.  But  in  any  case,  if  an  obex 
is  present,  the  free  anterior  margin  of  this  structure  does  not  represent  the 
line  of  attachment  of  the  ventricular  roof.  The  ependyma  lining  the 
widening  ventricular  cavity,  over  whose  caudal  angle  the  obex  is  situated, 
is  reflected   from  the  inferior  surface,  around  the  anterior  free   concave 
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margin,  and  over  the  entire  dorsal  aspect  of  the  obex,  to  leave  it  finally  by 
reflection  along  the  line  of  the  pial  fold  noted  and  figured  by  Retzius  as 
lying  behind  the  obex.  It  is  with  this  fold,  and  not,  as  often  repre- 
sented, with  the  obex  itself,  that  the  more  or  less  imperfect  pia-ependymal 
roof  of  the  hinder  segment  of  the  rhombencephalon  is  continuous. 

Blake,  in  his  fig.  26,  shows  a  sagittal  section  of  the  bulb  of  a  human 
foetus  in  which  the  obex  appears  as  a  shelf -like  projection  forwards  towards 
the  foramen  of  Magendie.  It  is  obviously  strictly  intraventricular,  inas- 
much as  it  forms  part  of  the  floor  of  a  caudal-dorsal  prolongation  of  the 
ventricular  cavity,  and  at  the  same  time  the  roof  of  a  small  "supra- 
postremal "  recess  (v,  infra,  p.  46)  of  the  ventricle.  This  recess  intervenes 
between  the  obex  above,  and  the  dorsal  aspect  of  what  Blake  regards  as  a 
median  fusion  of  the  "  primary  rhomboidal  lips "  of  His.  This  I  shall 
show  later  on  to  be  an  error.  The  coalescence  which  Blake's  figure  shows 
is  "  interpostremal."  But,  as  we  shall  see,  the  postremal  masses  do  not 
represent  the  "  primary  rhomboidal  lips." 

The  position  of  Retzius  s  "  pial  fold  "  is  clear  from  Blake's  tig.  26.  In 
the  light  of  Blake's  investigations,  however,  it  must  be  regarded  as  not 
pial  merely,  but  as  pia-ependymal.  And  if  we  regard  it,  with  Retzius,  as 
forming  the  genuine  hinder  margin  of  the  foramen  of  Magendie,  we  must 
further  recognise  that  it  constitutes  the  doi*sal  reflection  of  the  pia- 
ependymal  roof  of  the  fourth  ventricle  into  the  parietes  of  the  in-egular 
and  largely  extra-neural  space  which,  in  the  human  adult,  represents 
Blake's  "  caudal  protrusion."  It  results  from  this  that  the  true  obex,  when 
present,  is  in  a  sense  intraventricular,  as  Blake  insists,  and  as  Retzius 
implies.  It  is,  nevertheless,  in  origin  and  development,  a  roof-structure, 
and  its  plane  represents  that  of  the  primitive  roof -plate  of  this  region  of 
the  neural  canal.  It  is,  in  fact,  a  thickened  part  of  the  roof-plate  of  the 
canal  of  the  myelencephalon,  which,  in  the  early  embryo,  lies  immediately 
caudal  of  the  thinned  and  expanded  roof  of  the  rhombencephalon.  In 
accordance  with  this,  Blake  regards  it  as  representing  the  continuation, 
across  the  median  plane,  of  the  secondary  rhomboidal  lips  described  by 
His  in  connection  with  the  embryonic  rhombencephalon  (of.  His  (1891)). 
The  saccular  "  caudal  protrusion  "  or  evagination  involves  the  region  of  the 
thin  roof  of  the  rhombencephalon  lying  immediately  in  front  of  the 
median-dorsal  point  of  continuity  of  the  secondary  rhomboidal  lips. 
According  as  this  latter  point  does,  or  does  not,  become  the  site  of 
medullary  thickening,  a  genuine  obex  will  be  present  or  absent.  In  the 
latter  case,  however,  it  will  be  represented  by  unthickened  ependyma  sup- 
ported by  pial  investment. 
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§  IV.  Description  of  Cases  showing  Nature  and   Variations  of 

Obex.    Its  Definition  as  Roof-plate. 

The  prevalent  types  of  arrangement  as  regards  the  obex-region  in  the 
human  adult  may  here  be  reviewed  and  illustrated  as  follows  : — 

Fig.  7,  A  and  B  (p.  237 ),  represents  a  stereophotograph  ^  of  the  dorsal  aspect 
of  a  portion  of  the  medulla  oblongata  of  a  human  adult.  It  includes  the 
caudal  part  of  the  fourth  ventricle,  from  which  the  pia-ependymal  roof  (tela 
choroidea  inf.),  limiting  a  foramen  of  Magendie,  was  removed.  A  true 
"  intraventricular  "  obex  is  here  visible.  Its  entire  dorsal  surface  is  clothed 
by  ependymal  epithelium  which  extends  outwards  on  each  side  as  far  as 
the  attached  margin  of  the  obex,  and  backwards  into  the  angular  recess 
dorsal  to  it,  between  the  diverging  clavae.  Along  these  limits  the 
ependymal  epithelium  is  reflected  into  the  thin  parietes  of  the  spacious 
(subarachnoid)  representative  of  Blake's  "  caudal  protrusion." 

Fig.  8  (p.  238)  represents  a  photomicrograph  of  part  of  a  transverse  section 
through  the  same  specimen,  shown  in  surf  ace- view  in  fig.  7,  at  the  plane  of 
the  obex.  The  latter  appears  as  a  marked  thickening  of  the  narrow  roof 
of  the  neural  canal,  part  of  which  is  here  visible  as  a  deep  and  narrow  cleft. 
But,  as  already  stated,  the  dm^sal  aspect  of  this  thickened  roof  or  obex  is 
clothed  by  ependymal  epithelium.  This  is  seen  to  be  reflected,  at  the  sides 
of  the  structure,  in  a  dorsal  direction,  in  which  it  is  traceable  for  a  con- 
siderable distance.  Thus  the  surface  depression,  dorsal  to  the  obex,  is  in 
reality  part  of  a  space  or  cavity  which  is  continuous,  in  front  of  the  obex, 
with  the  cavity  of  the  fourth  ventricle,  and  is  thus,  at  least  in  part,  a 
ventricular  evagination.  The  membranous  parietes  of  this  space  were 
necessarily  largely  destroyed  in  preparing  the  specimen  for  the  stereo- 
photograph  reproduced  in  fig.  7. 

A  condition  practically  identical  with  that  just  described  is  illustrated  in 
fig.  9  (p.  238),  from  a  series  of  sections  through  the  same  region  in  another 
specimen  of  an  adult  human  medulla  oblongata,  to  which,  later  on,  further 
reference  will  be  made.  Here  again  the  true  obex  appears  as  a  somewhat 
vaulted  roof,  covering  over  the  cleft-like  neural  canal.  Indenting,  some- 
what asymmetrically,  its  dorsal  surface,  is  a  V-shaped  depression,  from 
either  side  of  whose  opening  the  pia  is  reflected  in  a  lateral  direction.  The 
concavity  of  this  depression  is  lined  by  a  layer  of  ependymal  epithelium, 
which  in  some   sections  is  imperfect  and  not  easily  demonstrated,  but  is 

^  It  is  important  that  the  stereoscope  should  be  employed  in  the  examination  of  the 
stereographic  figures  illustrating^  this  paper,  if  the  full  realistic  effect  of  the  iUustraiions  is 
to  be  available.  Any  ordinary  stereoscope  with  detachable  cardholder  may  be  used,  the 
latter  being,  of  course,  removed. 
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readily  evident  in  others.  This  V-shaped  depreasion  is  open  above,  and 
forms  part  of  an  obvious  backward  extension  of  the  cavity  of  the  fourth 
ventricle,  above  the  level  of  the  obex.  The  thin  membranous  roof  (tola 
choroidea  inferior)  of  the  ventricle,  with  portions  of  the  choroid  plexus,  are 
visible  doraally;  together  with  a  more  solid  mass  of  tissue  which,  on 
examination  of  the  series  of  sections,  is  found  to  be  a  part-  of  the  medullary 
"  ponticulus  "  of  one  side  of  the  ventricular  roof.  The  section  tigiirtHl  passes 
through  the  obex  a  short  distance  (OCX)  mm.)  caudal  to  its  free  anterior  border. 
Fig.  10  (p.  238)  shows  a  section  through  the  obex  in  the  same  specimen  a 
short  distance  further  back,  at  the  caudal  limit  of  the  free  intraventricular 
part  of  its  dorsal  surface ;  ie,  a^rass  the  plane  at  which  the  pi^\-eJ>endyma 
begins  to  be  reflected  from  the  dorsal  surface  of  the  obex.  At  this  limit, 
therefore,  the  ependymal  lining  of  the  dorsal  caudal  extension  of  the  ventricle 
fails  to  reach  the  dorsal  surface  of  the  obex.  Fig.  11  (p,  238)  illustrates  a 
section  a  short  distance  in  front  of  the  anterior  edge  of  the  obex  in  the 
same  specimen.  On  the  right  of  the  iigure  the  inflexed  lateral  part  of  the 
obex  still  persists,  whilst  on  the  left,  owing  perhaps  to  a  slight  obliquity  in 
the  plane  of  section,  all  trace  of  the  obex,  as  such,  has  vanislunl,  thnnigh  its 
continuation  into  the  taenia  ventriculi. 

A  structural  arrangement,  differing  somewhat  widely  from  that  just 
described,  was  present  in  the  specimen  next  to  be  considered.  This  was 
from  an  adult  human  brain  hardened,  in  toto,  in  Miiller's  fluid,  with  the 
membranes  intact.  The  medulla  oblongata  was  verj^  carefully  separated 
from  its  surroundings.  A  dorsal  view  of  this,  with  the  tela  choroidea  un- 
disturbed, is  represented  in  the  stereograph  which  is  reproduced  in  fig.  12, 
A  and  B  (p.  239).  In  this  figure  there  is  evident  a  well-marked  foramen  of 
Magendie,  whose  lateral  margins  are  ragged  and  everted.  (The  left  margin 
has,  however,  been  further  pinned  back  for  demonstration  purposes.)  These 
redundant  and  everted  ragged  margins  represent  a  portion  of  the  p^rietes 
of  the  dorsal-caudal  ventricular  evagination.  The  apparent  posterior 
margin  of  the  aperture  is,  however,  smooth  and  crescentic,  but  its  precise 
nature  and  relations  cannot  be  fully  apprehended  from  this  figiu'e  alone. 
In  fig.  13,  A  and  B  (p.  239),  is  reproduced  a  stereograph  showing,  at  an  initial 
magnification  of  four  diameters,  the  details  of  the  region  under  consideration. 
Here  the  distinction  between  the  lateral  boundaries,  and  the  apparent 
posterior  boundary,  of  the  foramen  of  Magendie,  is  vividly  shown.  It 
is  clear  to  demonstration,  that  the  smooth  crescentic  fold,  which  here 
occupies  the  place  of  the  obex,  is  an  abrupt  caudal  reflection  of  the  pia- 
ependymal  roof  overarching  the  region  of  the  calamus;  and  that  its 
dorsal  surface  must  be  understood  to  be  covered  by  a  layer  of  ependymal 
epithelium  forming  part   of   the  lining   of   a  dorsal-caudal   prolongation 


220  Professor  J.  T.  Wilson 

of  the  ventricular  cavity.  And  it  is  plain  that  this  membranous  false 
obex  (as  it  may  be  called)  represents  morphologically  both  the  abortive 
obex  itself  and  that  pia-ependymal  fold  to  whose  presence  Retzius  has 
drawn  attention. 

Fig.  14,  A  and  B  (p.  239),  represents  a  stereograph  of  the  same  specimen, 
after  complete  removal  of  the  caudal  part  of  the  roof  of  the  fourth 
ventricle.  The  line  of  attaxihment  of  the  false  obex  may  be  seen  jis  a 
fine  white  line,  on  each  side,  diverging  from  the  region  of  the  calamus 
scriptorius,  and  overhung  by  the  very  prominent  clavaB,  from  whose 
surface  the  membranes  have  been  in  part  removed.  This  figure  should  be 
compared  with  fig.  13,  the  point  of  view  being  practically  the  same  in  both. 

The  specimens  above  described  sufficiently  illustrate  the  two  leading 
types  of  roof -structure  in  the  region  of  the  calamus  scriptorius.  They 
may  be  distinguished  as  those  of  true,  and  of  false  or  membranous  obex 
respectively ;  and  to  these  two  types  the  other  slightly  modified  forms  met 
with  are  easily  reducible. 

It  is  evident  that  the  obex  is  essentially  a  development  of  the  roof- 
plate  of  the  neural  canal ;  although  it  is  ordinarily  overlapped  dorsal ly 
by  tlie  caudal-dorsal  evagination  of  the  cavity  of  the  rhombencephalon 
or  its  remains. 

§  V.  Discussion  of  Morphogenesis  of  the  Neural  Canal. 

Further  examination  of  fig.  14  will  show  that  the  structural  arrangements 
disclosed  by  the  removal  of  the  representative  of  the  obex  are  by  no 
means  always  perfectly  simple  in  character.  From  the  descriptions  iLsually 
given  one  miglit  be  led  to  expect  that,  in  such  a  dissection  as  that  figured, 
there  would  be  exposed  simply  the  upper  orifice  of  the  rapidly  expanding 
central  canal  of  the  lower  part  of  the  bulb.  And  in  a  certain  numl)er 
of  instances  this  is  actually  the  ca«e.  In  these,  the  central  «inal,  just 
before  it  becomes  merged  in  the  cavity  of  the  rhombencephakm  on  issuing 
from  under  cover  of  the  obex,  is  vertically  elongated  and  cleft-like.  It 
is  a  central  canal  of  this  simple  character  which  is  illustrated  in  the 
stereograph  in  fig.  7,  and  also  in  transverse  section  in  figs.  9  and  10.  But 
in  the  specimen  now  under  notice  (fig.  14)  this  is  not  the  case.  Two 
openings  are  here  seen,  one  dorsal  to  the  other,  and  both  are  overhung 
dorsally  by  the  representative  of  the  obex.  Variations  in  the  form,  and 
modifications  of  the  constitution  of  the  neural  canal  of  the  bulb,  below 
the  plane  of  its  confluence  with  the  cavity  of  the  rhombencephalon,  are 
responsible  for  some  of  the  vagueness  and  discrepancy  of  description 
already   refeiTed   to.     The  form  of  the  canal,  and  the  constitution  of  it« 
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parietes,  are  conditioned  by  the  facts  of  development,  ontogenetic  and 
phylogenetic,  and  therefore  a  brief  consideration  of  some  of  the  factors 
involved  in  the  morphogenesis  of  the  canal  will  here  be  appropriate. 
Current  conceptions  of  the  fundamental  morphological  constitution  of 
the  neural  canal  are  still  based  almost  exclusively  upon  His's  investigations 
into  the  development  of  the  wall  of  the  medullary  tube.  Through  His  s 
oteervations,  anatomists  learned  to  recognise  a  subdivision  of  the  parietes 
of  the  neural  canal  into  ventral  or  basal,  and  dorsal  or  alar  laminae,  together 
with  connecting  roof-  and  floor-plates.  Our  knowledge  of  the  morphological 
liistory  and  significance  of  these  areas  is  still  far  from  complete,  and  we 
may  yet  expect  much  additional  light  to  be  thrown  upon  these  questions 
both  by  embryologists  and  comparative  anatomists.  The  publication  of 
such  systematic  studies  as  von  Kupffer's  "  Morphogenie  des  Centralnerven- 
systems  "  (1903-5)  in  Hertwig's  comprehensive  Handbuch,  now  appearing, 
promises  to  render  available  to  anatomists  generally,  a  rich  store  of  facts 
and  observations  bearing  upon  the  problem  referred  to. 

As  of  special  importance  in  this  connection,  I  would  call  attention 
to  the  recognition  by  v.  Kupffer,  as  a  general  characteristic  of  the  fourth 
ventricle  in  those  classes  of  lower  vertebrates  treated  of  in  the  chapters 
thus  far  published,  of  three  longitudinal  zones,  bounded  by  furrows 
and  distinguished  by  the  writer  as  medial,  lateral,  and  dorsal  (ef.  pp. 
142-3,  and  figs.  166-7).  It  is  obvious  that  these  correspond  with  those 
elevations  in  man  and  the  higher  vertebrates,  which  form,  at  certain 
levels,  the  trigonum  hypoglossi  with  the  funiculus  teres,  the  eminentia  and 
ala  cinera,  and  the  trigonum  acustici.  In  some  of  His's  figures  illustrative 
of  the  development  of  the  rhombencephalon,  we  do,  indeed,  meet  with  the 
same  plan  of  organisation.  Figures  like  v.  Kupffer  s  124  or  166  correspond 
more  or  less  completely  to  fig.  18,  iv.,  from  His  (1888),  or  figs.  10-12  of 
the  same  author  (1891). 

His  apparently  did  not  recognise  the  differentiation  of  three  longitudinal 
areas  as  of  great  morphological  importance,  and  he  leaves  us  to  infer 
that  the  existence  of  a  third  longitudinal  swelling  of  the  medullary  wall, 
in  the  region  of  the  medulla  oblongata,  is  conditioned  merely  by  the 
development  of  the  "  Rautenlippe  "  or  primary  rhomboidal  lip.  That  this 
is  not  the  case  is  proved  by  v.  Kupffer  s  statements  and  figures  quoted 
above.  But  even  in  other  figures  from  His  (e.g.  24  and  27,  1888),  where 
there  could  be  no  possible  explanation  by  reference  to  the  primary 
rhomboidal  lip,  it  is  plain  that  the  author  has  passed  over  further  mani- 
festations of  the  triple  organisation  of  the  wall  of  the  medullary  tube, 
under  the  influence  of  his  conception  of  its  merely  dual  composition  by 
dorsal  and  ventral  zones. 
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It  seems  probable  that  this  latter  hypothesis  was  originally  based 
upon  the  results  of  EUs's  investigations  into  the  development  of  the  spinal 
cord  (1886-87).  There  we  have  originally  a  simple  sagittal  cleft-like 
lumen ;  but  very  soon,  at  about  four  weeks  (tig.  1),  the  lumen  shows  slight 
lateral  extension  to  form  a  lateral  sulcus  on  each  side,  which  His  speaks  of  as 
the  "  lateral  furrow  of  the  central  canal "  (ib.  p.  498).  At  this  stage  he  de- 
scribes the  lateral  medullary  wall  as  organised  into  two  segments  united  by  a 
short "  Schaltetiick."  The  two  segments  here  referred  to  would  appear  to  be 
his  alar  and  basal  laminae  (Fliigel-  and  Grund-platte).  But  if  this  be  so,  the 
"  Schaltsttick  "  remains  excluded  from  either  lamina.  It  is,  in  point  of  fact, 
difficult  to  make  out  whether  His  did,  or  did  not,  intend  to  count  the 
"  Schaltsttick  "  to  one  or  other  of  the  laminae.  Minot  (1892,  p.  662),  in  his 
summary  of  His*s  statements,  defines  the  ventral  zone  (corresponding  to 
His's  " Grundplatte ")  as  "consisting  of  an  upper  connecting-piece,  His*s 
Schaltsttick,  and  a  wider  lower  segment."  Now  His  explicitly  states  that 
from  the  "Schaltsttick"  there  takes  origin  the  cervix  comu  posterioris 
with  Clarke's  column  {ib.  p.  506),  together  witli  the  chief  mass  of  the 
processus  reticularis,  whilst  its  border-zone  yields  the  myelospongium 
for  the  hinder  part  of  the  lateral  white  column.  Minot  has  accepted 
this  as  meaning  that  "  only  part  of  the  posterior  horn  of  the  adult  is 
developed  from  the  dorsal  zone." 

I  greatly  doubt  that  His  actually  credited  the  "  Schaltsttick  "  to  either 
ventral  or  dorsal  zones.  But  if  he  did,  then  I  think  that  he  can  be  shown 
to  have  excluded  it  from  his  "  Grundplatte."  Thus  on  p.  497  (ib.)  he 
states  that,  "  Im  ganzen  genommen  gliedert  sich  das  Rtickenmark  jederseits 
in  zwei  durch  ein  kurzes  Schaltsttick  verbundene  Abschnitte,  die  ich  als 
vorderen  Markcylinder  und  als  hinteres  Markprisma  bezeichnen  will."  In 
his  next  paper,  "Zur  Geschichte  des  Gehirns"  (1888,  p.  351),  he  defines  his 
four  longitudinal  zones  and  states  that  "Die  Grundplatte  wird  zum 
Bezirke  der  Vorder-  und  Seiten-homer  und  der  zugehdrigen  Langsstrange 
(zu  dem  von  mir  so  genannten  vorderen  Markcylinder).  Die  Fltigelplatte 
liefert  das  Gebiet  der  Hinterhorner  und  theilweise  das  Gerlist  der  Hinter- 
strange."  It  is  obvious  that  the  above  identification  of  the  Grundplatte 
with  the  "  Markcylinder,"  merely,  of  the  previous  paper,  logically  implies 
the  exclusion  from  the  latter  of  the  "  Schaltsttick  " ;  whilst  the  definition  of 
the  Fltigelplatte  ought  strictly  to  include  the  "  Schaltsttick  "  as  yielding  a 
not  inconsiderable  portion  of  the  posterior  horns. 

Nevertheless  I  am  inclined  to  believe  that,  though  Minot  cannot  be 
right  in  interpreting  His  as  including  the  "  Schaltsttick "  in  the  ventral 
zone  or  basal  lamina,  it  would  be  likewise  straining  the  description  to 
regard  it  as  included  in  the  "  dorsal  zone."     Possibly  by  defining  it  as  a 
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tertiuTti,  quid.  His  originally  intended  to  allow  it  a  certain  independence. 
But  if  so  the  independence  waa  not  explicitly  acknowledged,  or,  rather, 
was  simply  ignored  in  framing  the  now  classical  scheme  of  longitudinal 
zones.  Evidence  can,  I  believe,  be  brougiit  in  support  of  the  view  that 
this  omission  is  not  of  merely  formal  and  trivial  consequence. 

Soon  after  the  appearance,  in  the  human  embryo,  of  the  "  lateral 
furrow  of  the  central  canal"  illustrated  in  fig.  1.  from  His,  there  appears, 
duriog  the  fifth  week,  a  second  lateral  furrow  very  definitely  shown  in 
fig.  2,  from  the  same  source.  This  second  furrow  is  referred  to  in  the 
text  (1886-87,  p.  506)  as  "der  secundiiren  oder  vorderen  Auaweitung  des 


Flo.  1.— R«i>ri>duci!(ifrornHiH(188H-ar, 
(ig.  (I).  Embryo  "SI,"  N-L  =  12-5 
miD,     About  Tout  and  a  half  weoka. 

Centralkaiiales,"  thus  implying  his  conviction  that  the  posterior  (or  doi'sal) 
of  the  two  furrows  now  present,  is  the  representative  of  the  original 
"  lateral  furrow  of  the  central  canal."  And.  as  the  latter  was  held  to  limit 
the  "  Schaltstiick  "  doraally,  at  the  medial  wall,  so  now  this  secondary  and 
anterior  furrow  is  held  to  limit  it  ventrally,  for,  "  in  the  angle  behind  it," 
is  formed  Clarke's  column  from  the  "  mantle-layer"  of  the  "  Schaltstiick." 

We  thus  have,  quite  definitely  limited  by  furrows  at  the  lumen  of 
the  canal,  as  well  as  at  the  surface  of  the  spinal  cord,  three  longitudinal 
zones  in  each  lateral  medullary  wall,  between  the  roof-  and  floor-plates 
of  the  embryonic  cord.  Such  an  organisation  of  the  medullary  wall  is 
shown   with   diagrammatic   clearness  in  fig.  2,  where   the   "  SelialtstUck," 
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as  defined  by  His,  possesses  to  all  appearance  co-ordinate  importance  with 
the  other  two  segments. 

His  has  not  explicitly  stated  his  view  regarding  the  derivation  of 
the  "secondary  anterior"  (ventro-lateral)  furrow  of  fig.  2.  From  the 
relations  of  the  more  dorsal  of  the  two  furrows,  however,  to  the  "SchaltstUck," 
and  to  the  plane  of  the  ventral  margin  of  the  oval  bundle,  it  alone,  as  a 
single  furrow,  could  possibly  answer  to  the  first-appearing  "  lateral  furrow 
of  the  central  canal "  of  fig.  1.  It  is,  perhaps,  more  probable  that  the 
latter  tolerably  wide  furrow  is  responsible  for  both  of  the  lateral  sulci  found 
in  the  immediately  succeeding  stages.  But  in  any  case  these  two  lateral 
sulci  deserve  definite  recognition  as  dorso-  and  ventro-lateral  sulci  of  the 
spinal  medullary  canal. 

Minot  also  has  specially  remarked  upon  the  definite  curves  of  outline  of 
the  lumen  of  the  central  canal  as  deserving  of  closer  study  (1892,  p.  659). 
So  far  as  I  am  aware,  they  have  not  yet  received  adequate  attention.  I  am 
convinced  that  one  of  the  results  of  a  closer  study  will  be  to  lay  emphasis 
upon  the  presence  of  two  lateral  furrows,  with  three  longitudinal  zonal 
subdivisions,  in  the  lateral  wall  of  the  spinal  neural  canal. 

In  his  recent  Laboratoin/  Text-hook,  Minot  states,  w^ith  regard  to  the 
structure  of  the  medulla  oblongata  (1903,  p.  211),  that, "  We  distinguish  here, 
as  everywhere  in  the  medullary  wall,  the  dorsal  and  ventral  zones. 

"The  lateral,  or  morphologically  dorsal,  limit  of  the  ventral  zone  is  marked 
by  the  exit  of  the  lateral  roots.  The  ventral  limit  of  the  dorsal  zone  is  marked 
by  the  entrance  of  the  sensory  or  ganglionic  fibres."  But  v.  Kupffer*s  figures 
and  statements  already  referred  to,  regarding  the  organisation  of  the 
rhombencephalon  in  lower  vertebrates,  prove  that  in  this  region  we  have 
undoubtedly  to  deal,  not  with  two  zones,  dorsal  and  ventral,  but  with 
three  longitudinal  areas.  This  view  receives  support,  as  we  have  seen, 
from  certain  of  His*s  own  figures. 

These  three  zones  may  be  designated,  in  accordance  with  v.  Kupffers 
nomenclature,  as  medial  (or,  perhaps  better,  ventral),  lateral,  and  dorsal: 
the  two  sulci  separating  them  may  be  named  dorso-lateral  and  ventro-lateral, 
as  above  suggested  in  connection  with  the  embryonic  spinal  cord. 

It  is  beyond  the  purpose  of  the  present  paper  to  inquire  how  far 
representatives  of  these  three  zones  may  be  represented  in  other  regions  of 
the  brain.  Appearances  are  not  lacking,  both  in  the  mesencephalon  and 
diencephalon  of  the  embryo,  which  are  suggestive  of  such  an  interpretation. 
Nor  can  the  question  of  the  possible  association  of  the  three  zones  with  the 
nerve-root  components  be  discussed ;  although,  at  any  rate  in  the  case  of  the 
rhombencephalon,  such  an  association  is  probably  an  actual,  and  morpho- 
logically significant,  fact. 
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The  question  of  the  fate  of  the  three  zones  in  the  development  of  the 
spinal  cord  has,  Iiowever,  a  special  interest  in  connection  with  the  anatomy 
of  the  transition-region  lietween  spinal  cord  and  rhombencephalon  in  the 
adult.  The  later  development  of  the  central  canal  is  referred  to  by  Minot 
(1892,  p.  650)  as  follows: — "'About  the  eighth  week  the  canal  begins  to 
contract  between  the  dorsal  zones  until  tlie  walls  first  meet  and  then  unite." 
This  union  takes  place  fii-st  doi-sal  to  the  dorso-latei'al  furrows.  Figs.  1  to  5, 
reproduced  fi-om  His's  paper  (1886-87),  should  be  consulted  in  this  connec- 
tion. In  fig.  4  (from  His),  the  dorso-lateral  furrows  are  still  visible  close  to 
the  obliterated  portion  of  the  lumen.     This  represents  the  condition  observed 


Fio.  3.— R«|irijducedfromHi9{]88a-87,  Fm.  4.  — Reproduced  from  His (1888-87, 

fig.  8).     Embryo  "Zw,"N-L  =  18-5  fiji.  9).      Embryo  "  Lo,"  N-L  =  24 

mill.    Alioutseven  andahalf  weeks.  mm.    About  eight  and  a  half  weeks. 

by  His  in  an  embryo  of  eight  and  a  half  weeks  ("  Lo.").  In  the  succeeding 
fig.  5,  representing  a  section  of  the  spinal  cord  of  a  fcetus  of  about 
three  months,  obliteration  of  the  lumen  has  proceeded  so  far  as  to  overtake 
the  dorsD-Iateral  furrows,  which  are  therefore  involved  in  the  obliterative 
process  and  are  no  longer  visible.  A  similar  condition  is  also  illustrated  by 
Minot's  fig.  376  (1892),  representing  a  section  through  the  spinal  cord  of  a 
fcetus  of  the  tenth  week.  Here,  however,  although  the  dorso-lateral  furrows 
have  disappeared  during  the  process  of  obliteration,  the  dorsal  part  of  the 
canal  is  not  only  still  quite  traceable  an  a  linear  fusion,  but  the  extreme 
dorsal  part  of  the  lumen  is  still  patent.  "  In  older  stages  all  traces  of  the 
canal  (both  its  cavity  and  its  epithelium)  have  disappeared,  not  only  between 
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the  dorsal  zones  of  His,  but  also  between  the  upper  part  of  the  ventral 
zones  "  (Minot,  l.c.).  With  this  disappearance  the  possibility  of  distinguishing 
longitudinal  zones  in  the  cord  is  lost. 

The  causes  and  precise  manner  of  obliteration  of  the  dorsal  moiety  of 
the  central  canal  in  the  embryo  need  not  here  be  discussed  at  length.  It 
will  generally  be  admitted  that  these  are  in  some  way  associated  with  the 
development  and  organisation  of  the  dorsal  white  columns  of  the  spinal 
cord.  It  becomes,  therefore,  a  matter  of  extreme  interest  to  recognise  that, 
whereas  the  reduction  or  suppression  of  the  dorsal  portion  of  the  central 
canal  continues  with  tolerable  uniformity,  up  to,  and  through,  the  lower 
part  of  the  bulb,  yet  in  that  region  of  the  latter  where  the  dorsal  white 


columns  are  approaching  their  termination  (i.e.  where  they  are  generally 
spoken  of  as  "  diverging  "),  the  central  canal,  being  relieved  of  their  disturb- 
ing and  suppressing  influence,  tends  to  manifest,  even  in  the  adult,  the 
embryonal  type  of  organisation.  A  certain  degree  of  actual  divergence  of 
the  dorsal  columns  does,  of  course,  occur ;  allowing  of  the  development  of  a 
true  dorso-median  sulcus.  As  this  sulcus  is  traced  upwards  it  gradually 
widens  and  shallows,  and  at  the  bottom  of  it  there  becomes  exposed, 
between  the  funiculi  graciles,  a  median  dorsal  extension  of  the  central  grey 
matter,  i.e.  the  dorso-ventrally  thickened  mass  of  the  dorsal  grey  commis- 
sure. In  the  interior  of  this  central  grey  matter,  now  superficially  placed,  the 
central  canal — no  longer  liampered  by  the  dorsal  white  columns — tends  to 
exhibit  its  primitive  embryonic  form,  ere  it  undergoes,  at  the  calamus  scrip- 
torius,  its  ultimate  transformation  into  the  cavity  of  the  rhombencephalon. 
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The  precise  form  and  charaieters  presented  by  the  central  canal  in  the 
region  immediately  below  the  calamus  are,  however,  by  no  means  constant ; 
a  fact  which  will  receive  detailed  illustration  from  the  cases  next  to  be 
recorded  in  this  paper.  The  discrepancies  in  the  extant  descriptions  of  this 
transition-region  are  largely  attributable  to  this  inconstancy  in  structural 
character. 


§  VI.  Description  of  Case  of  Primitive  and  Uncomplicated  Cleft-like 
Form  of  Bulbar  Neural  Canal  in  the  Adult.    (Specimen  2.) 

I  have  recently  studied  a  complete  series  of  microscopical  transverse 
sections  through  the  calamus  region  of  the  adult  human  medulla  oblongata 
which  was  cut  after  double-embedding  in  paraffin  and  celloidin.^  Figs.  9  to 
11,  already  referred  to  in  a  previous  part  of  this  paper,  were  taken  from  this 
series.  The  case  is  one  of  those  in  which  I  believe  that  the  typical  form  of 
the  canal  of  the  medulla  is  preserved  with  unusual  freedom  from  complica- 
tions. It  is  in  the  light  of  the  appearances  here  met  with  that  I  venture  to 
suggest  that  all  the  other  structural  modifications  of  the  canal  occurring  in 
this  region  are  to  be  interpreted. 

Fig.  15,  from  section  354  in  the  series  from  the  calamus  region  of  this 
specimen,  illustrates  the  general  structure  of  the  bulb  at  the  lower  extremity 
of  the  inferior  olivary  nucleus.  On  one  side  the  section  just  shaves  the 
lower  pole  of  the  main  olive ;  whilst  on  the  opposite  side  the  plane  of  section 
is  slightly  more  cranially  placed,  so  that  the  characteristic  olivary  arrange- 
ment is  visible.  The  plane  of  this  section  closely  corresponds  to  that  of 
such  figures  as  Henle's  fig.  134,  Kolliker  s  fig.  462,  and  Ziehen's  fig.  174,  all 
of  which  represent  planes  not  very  remote  from  that  of  our  section.  But  of 
these  only  Ziehen's  photomicrograph  does  justice  to  the  precise  arrangement 

^  The  portion  of  the  medulla  sectioned  was  one  of  the  blocks  of  a  bulb  which  had  been 
carefully  hardened  in  alcohol  for  the  jiurpose  of  Nissl  staining.  It  was  infiltrated  with 
cedar-oU  celloidin,  passed  through  benzol  into  paraffin,  and  finally  cut  on  a  Minot  microtome 
into  sections  10  mikrons  thick.  The  method  employed  is  particularly  well  adapted  to  yield 
series  of  unmutilated  sections  of  the  most  delicate  material.  It  is,  however,  liable  to  one 
defect,  inasmuch  as  it  is  difficult  to  get  large  sections  free  from  numerous  fine  wrinkles  due 
to  the  presence  of  the  celloidin.  These  wrinkles  do  not  flatten  out  under  the  ordinary 
warm-water  treatment  on  the  albumenised  slides.  I  have  subsequently  succeeded  in  over- 
coming tliis  difficulty,  or  of  greatly  minimising  it,  by  carrying  out  part  of  the  flattening-out 
process  on  the  top  of  the  paraffin-bath  for  a  brief  period  in  a  chamber  with  an  atmosphere 
of  ether-vapour. 

In  the  series  under  consideration  the  crinkled  appearance  frequently  mars  the  elegance 
of  the  preparation  as  a  whole ;  but,  as  the  photographs  testify,  this  involved  little  or  no 
detriment  to  the  region  with  which  we  are  here  specially  concerned. 
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of  the  dorsal  commissural  grey  matter  at  the  bottom  of  the  dorsal  median  fis- 
sure shown  in  our  fig.  15  (p.  240).  It  is  to  be  noted  that  the  commLssural  grey 
matter  projects  into  the  dorsal  fissure  as  a  conical  plug  forming  in  section 
the  apex  of  an  inverted  wedge.  This  apex  meets,  and  is  continuous  with, 
the  pial  fold  which  occupies  the  fissure.  The  examination  of  other  series 
of  specimens  proves  that  this  arrangement  is  characteristic  whenever  the 
dorso-median  fissure  is  developed  as  such.  Chrome-hajmatoxylin  sections 
reveal  the  fact  that,  whilst  the  wedge  is  mainly  composed  of  neuroglia 
tissue,  fine  meduUated  fibres  are  visible  in  it  as  far  as  the  projecting  apex 
of  the  wedge.  The  lumen  of  the  central  canal,  both  here  and  for  some 
distance  below  this  level,  is  a  fine  dorso-ventrally  elongated  cleft  0*55  mm. 
in  length.  The  distance  of  its  dorsal  wall  from  the  surface  of  the  grey 
commissural  plug  at  the  bottom  of  the  dorso-median  fissure  is  1*5  mm.  In 
section  344,  i.e.  01  mm.  higher  up  the  brain-stem,  the  dorso-ventral  extent 
of  the  cleft-like  canal  has  increased  to  0*82  mm.,  whilst  its  distance  from  the 
bottom  of  the  fissure  has  slightly  diminished  to  1*35  mm.  In  section  327 
the  lumen  has  largely  increased  dorso-ventrally  and  is  now  15  mm.  in  this 
dimension,  whilst  it  has  also  substantially  widened.  Its  distance  from  the 
bottom  of  the  fissure  has  now  diminished  still  further  to  075  mm.  From 
these  various  measurements  it  is  evident  that  the  increase  of  the  canal  is  in 
a  dorsal  direction  at  the  expense  of,  or,  as  one  may  express  it,  by  the  open- 
ing up  of,  the  grey  (mainly  neuroglial)  matter  between  the  canal  and  the 
bottom  of  the  dorso-median  fissure.  The  sum  of  the  measurements  of  tlie 
dorso-ventral  diameter  and  of  the  distance  of  the  canal  from  the  surface, 
has  been  approximately  constant.  In  the  section  327  the  plug  of  grey 
matter  protruding  into  the  bottom  of  the  fissure  has  become  extremely  well- 
defined.  A  photomicrograph  illustrating  the  structure  of  this  region  in  the 
section  at  a  magnification  of  30  diameters  is  reproduced  in  fig.  16  (p.  240),  in 
which,  however,  only  the  dorsal  portion  of  the  lumen  of  the  canal  appears.  A 
further  change  is  now  noticeable  in  connection  with  the  lining  of  the  canal. 
This  consists  in  the  differentiation  of  a  patch  of  specially  elongated 
ependymal  cells  on  either  side  of  the  newly  opened-up  dorsal  segment  of 
the  canal ;  together  with  a  slight  irregularity  and  prominence  of  the  oppos- 
ing portions  of  the  walls  of  the  canal  bearing  this  specialised  epithelium. 
This  latter  feature  would  not  attract  attention  in  this  section  by  itself,  but 
it  represents  the  first  appearance  of  a  prominence  which  assumes  a  greater 
and  increasing  importance  as  the  sections  are  traced  further  in  a  cranial 
direction. 

In  section  284  (fig.  17,  p.  240)  the  dorso-ventral  extent  of  the  central  canal 
has  further  increased  to  212  mm.,  and  the  distance  of  its  dorsal  extremity  from 
the  surface  of  the  dorsal  plug-like  projection  of  grey  matter,  at  the  bottom 
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of  the  medium  fissure,  is  now  reduced  to  0*24  mm.  At  this  plane,  moreover, 
the  lumen  has  now  taken  on  a  definite  contour.  A  distinct  \videning  is 
present  opposite  the  upper  or  dorsal  portion  of  tlie  ventral  half  of  the 
lumen.  Immediately  above  this  the  lateral  walls  bulge  somewhat  inwards, 
and  these  prominences  are  clothed  by  the  strip  of  specially  differentiated 
ependyma,  already  noted  as  present  at  a  more  caudal  plane.  Both  dorsally 
and  ventrally  to  this  strip  the  ependyma  thins  out,  but  the  ventral  foui-th 
of  the  lumen,  representing  the  entire  extent  of  the  lumen  lower  down, 
is  clothed  by  columnar  ependyma  cells.  The  dorsal  fourth  of  the  lumen, 
viz.,  the  portion  which  has  only  at  this  level  become  patent,  is  vstill  a  very 
narrow  cleft  lined  by  an  evident  but  shallow  ependyma  epithelium.  It  is 
noticeable  that  at  its  very  dorsal  extremity  the  lumen  actually  widens  out 
to  form  an  irregular  dilated  ependyma-lined  space.  Between  this  and  the 
main  lumen  the  walls  are  nearly  in  contact,  but  are  nevertheless  quite 
distinct. 

A  remarkably  close  resemblance  is  observable  between  the  configuration 
of  the  canal  here  described  and  that  figured  by  Minot  (1892,  fig.  376)  in  a 
section  of  the  spinal  cord  of  a  human  f(etus  of  G3-68  days.  So  far  as  the 
lumen  is  concerned,  the  resemblance  is  complete  in  every  detail;  and  if 
comparison  be  further  made  with  figs.  1-5,  after  His,  there  will  be 
little  hesitation  in  identifying  the  widening  of  the  lumen  in  the  specimen 
under  consideration  as  due  to  the  presence  of  a  wide  furrow  on  each  side 
identical  with  the  lateral  sulcus  of  fig.  5,  as  well  as  that  of  Minot's 
fig.  376,  and  also  with  the  more  ventral  of  the  two  lateral  sulci  shown  in 
tigs.  2-4. 

In  section  260  (fig.  18,  p.  240)  the  lumen  has  again  slightly  increased  in 
dorso-ventral  extent.  It  is  now  231  mm.,  whilst  its  distance  from  the 
surface  is  now  somewhere  between  0*1  and  0*2  mm.  The  narrower  dorsal 
moiety  of  the  canal  is  still  cleft-like,  but  its  walls  are  no  longer  in  contact. 
Besides  the  widening  of  the  ventral  segment  of  the  lumen  visible  in  the 
section  last  described,  which  is  due  to  the  partial  persistence  of  the  "  ventro- 
lateral sulcus"  of  the  embryonic  canal,  we  have  now  a  second  lateral 
furrow,  slighter,  but  more  acutely  marked,  and  lying  just  dorsally  from  the 
prominence  which  forms  the  dorsal  boundary  of  the  ventro-lateral  furrow 
aforesaid.  This  second  lateral  furrow  is  obviously  homologous  with  the 
"  dorso-lateral  sulcus  "  of  the  central  canal  of  the  embryonic  spinal  medulla. 
In  the  figure  the  dorso-lateral  sulci  of  opposite  sides  do  not  lie  exactly 
opposite  one  another,  but  this  is  owing  to  a  slight  obliquity  of  the  plane  of 
section.  The  specialised  strip  of  ependyma  referred  to  above,  is  now  found 
to  form  the  epithelial  lining  of  the  dorso-lateral  sulcus. 

In  section  243  (fig.  10)  the  dorso-lateral  sulci  of  the  canal  are  well  marked, 
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though  still  shallow,  and  dorsally  to  them  the  lumen  has  undergone  some  ex- 
pansion, though  it  is  still  narrower  than  the  ventral  segment.  The  lumen 
as  a  whole  is  comparable  with  that  of  the  embryonic  spinal  cord  at  the 
stage  illustrated  in  fig.  3.  At  this  plane  the  lumen  measures  2*4  mm.  dorso- 
ventrally,  and  its  distance  from  the  surface  has  undergone  no  further 
alteration. 

Hitherto  the  apex  of  the  wedge  projecting  from  the  central  grey 
matter  at  the  bottom  of  the  dorsal  median  fissure  has  been  narrow  and 
sharp.  But  at  the  level  now  reached,  the  fissure  has  greatly  shallowed 
and  is  widening  out.  The  plug  of  grey  matter  is  also  broadening  out 
to  form  a  definite  roof  for  the  now  gradually  widening  dorsal  segment 
of  the  central  canal.  Still  at  this  level,  as  posteriorly,  the  pia  mater 
of  the  dorsal  fissure  is  directly  and  intimately  continuous  with  the  subpial 
neuroglia  tissue  constituting  the  superficial  portion  of  the  roof  in  question. 
This  thickened  roof-plate,  derived  from  the  dorsal  plug,  has  already,  in 
a  previous  section  of  this  paper,  been  identified  with  the  caudal  portion 
of  a  true  obex. 

In  fig.  9,  also  previously  described  in  connection  with  the  question 
of  the  obex,  there  is  represented  the  condition  exhibited  by  section  236 
of  the  series  under  consideration.  Here  the  roof-plate,  now  a  definite 
obex,  is  further  expanded  and  thinned,  and  is  continued  dorso-laterally 
into  wing-like  expansions  continuous  with  the  pia  mater.  But  between 
these  wings  its  dorsal  surface  is  now  free  from  pial  attachments,  and 
forms  a  smooth  depressed  area  which  constitutes  a  small  part  of  the 
floor  of  the  backward  continuation  of  the  ventricular  cavity,  i.e.  part  of 
Blake's  caudal  protrusion.  Part  of  the  roof  of  the  ventricle  is  visible  at  a 
higher  level.  Fig.  11,  also  referred  to  in  the  former  section  on  the  obex, 
illustrates  the  confluence  of  the  cleft-like  central  canal  with  the  fourth 
ventricle,  in  front  of  the  anterior  margin  of  the  obex,  as  seen  in  section 
218.  Fig.  19  (p.  241),  from  section  210,  gives  a  general  view  of  the  same 
region  at  a  lower  magnification. 

The  central  grey  matter  is  seen  in  the  figure  extending  dorsally  by 
the  sides  of  the  deep  cleft  which  is  now  the  deep  median  furrow  of 
the  ventricle.  Traced  in  the  dorsal  direction,  it  gradually  diminishas 
in  thickness  till  the  level  of  the  surface  of  the  dorsal  white  columns 
is  reached,  where  it  is  prolonged  on  each  side  into  the  base  of  the 
taenia  ventriculi.  The  lumen  of  what  was,  lower  down,  the  central 
canal,  and  is  now  the  median  ventricular  furrow,  still  resembles  that 
shown  in  fig.  9.  As  there,  so  here,  the  dorso-lateral  sulcus  appears  as 
a  sharp  notch.  The  ventro-lateral  sulcus  is  only  very  slightly  indicated, 
and  the  imperfection  of  the  floor  of  the  canal  in  this  region  tends  to  render 
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it  still  less  evident.  There  is,  nevertheless,  little  difficulty  in  recognising 
its  situation  on  the  right  side  of  the  section,  midway  between  the  dorso- 
lateral sulcus  and  the  floor  of  the  cleft.  The  whole  of  the  ventral  segment 
of  the  cleft,  as  far  as  the  dorsolateral  sulcus,  is  lined  by  columnar  ependyma. 
Dorsally  from  the  same  sulcus  the  ependyma  consists  of  flattened  cells. 
The  dorso-lateral  sulcus  itself  has,  since  its  first  appearance,  been  lined 
by  more  specialised  ependyma  cells.  These  are  serially  continuous  below 
(i.e.  caudally)  with  that  narrow  longitudinal  strip  of  specialised  ependyma 
whose  presence  was  noticeable  on  the  lateral  wall  of  the  central  canal 
even  before  the  appearance  of  the  actual  sulcus.  At  the  plane  now  arrived 
at  there  is  seen  to  be  a  special  collection  of  neuroglia  cells,  underlying 
the  ependyma  cells  of  the  sulcus,  and  forming  a  neuroglia  septum  extend- 
ing outwards  from  the  sulcus  on  each  side  into  the  suiTounding  grey 
matter. 

Immediately  dorsal  to  the  dorso-lateral  sulcus  the  lateral  wall  of  the 
ventricular  cleft  exhibits  a  gentle  prominence,  extending  as  far  as  the  base 
of  the  ta3nia  ventriculi.  This  prominence  is  due  to  an  increase  in  the  mass 
of  the  ventricular  grey  matter  lying  dorsal  to  the  neuroglia  septum  above 
described  as  running  out  from  the  bottom  of  the  dorso-lateral  sulcus.  This 
area  of  grey  matter  has  a  peculiar  and  characteristic  appearance.  It 
represents  the  caudal  continuation  of  the  tissue  of  the  area  postrema  of  the 
rhombencephalon  into  the  lateral  wall  of  the  cleft-like  central  canal.  It 
was  already  visible,  but  was  much  less  conspicuous,  lower  down — in  fact  as 
far  in  a  caudal  direction  as  one  can  recognise  the  dorso-lateral  sulcus  itself 
(cf.  figs.  10  and  17).  Now,  however,  it  forms  a  distinctly  evident  area  in  the 
cross-section,  attracting  attention  by  peculiarities  of  texture.  These  are  in 
part  due  to  its  special  vascularity.  In  section,  it  appears  dotted  throughout 
by  the  cross-sections  of  numerous  blood  vessels  of  small  size,  many  of  which 
are  small  arterioles  with  relatively  thick  muscular  walls.  Independently 
of  this  marked  vascularity,  however,  the  supporting  myelospongium  is 
of  remarkably  loose  and  open  texture ;  much  more  so  than  that  of  the  grey 
matter  elsewhere  around  the  canal,  or  ventricle.  This  delicate  and  loose 
myelospongium  is  continued  dorsally,  though  with  gradual  modification  in 
character,  into  the  base  of  the  ligula. 

As  the  series  of  transverse  sections  is  traced  further  in  a  cranial  direction, 
the  cleft-like  median  ventricular  furrow  gradually  opens  out  and  shallows. 
The  process  of  opening-out  naturally  first  affects  the  dorsal  segment  of  the 
canal,  so  that  the  area  postrema  gradually  comes  to  lie  exposed  upon  the  floor 
of  the  ventricle.  This  condition  is  shown  as  partially  attained  in  fig.  20  (p. 
241),  illustrating  section  156  of  the  present  series.  Here  the  area  postrema  is 
seen  extending  upon  the  floor  of  the  ventricle,  especially  upon  the  left  side- 
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Here  the  slight  obliquity  of  the  section  more  nearly  coincides  with  the 
oblique  direction  of  the  area  postrema;  whilst  on  the  opposite  side  the 
latter  is  cut  more  transversely  to  its  long  axis.  For  the  same  reason  the 
dorso-lateral  sulcus  appears  more  shallow  on  the  left  than  on  the  right.  The 
ventral  segment  of  the  ventricular  furrow  is  imperfectly  preserved,  yet  on 
the  left  side  it  is  easy  to  recognise  the  position  of  the  ventro-lateral  sulcus. 
The  slightly  prominent  area  of  the  lateral  wall  of  the  ventricular  furrow, 
between  the  dorso-  and  ventro-lateral  sulci,  is  the  caudal  continuation  of  the 
base  of  the  ala  cinerea. 

The  systematic  examination  of  the  series  of  transverse  sections  under 
consideration  has  thus  shown  that,  as  we  ascend  from  the  lower  region  of 
the  bulb  to  the  fourth  ventricle,  we  witness  an  emancipation  of  the  central 
canal  from  the  conditions  which  have  determined  its  dorso- ventral 
reduction  lower  down,  and  a  return  to  something  approaching  the  embry- 
onic contour  of  its  lumen.  We  are  able  to  distinguish  dorso-lateral  and 
ventro-lateral  sulci,  which  delimit  three  longitudinal  zones,  viz.  (a)  a 
dorsal  zone  represented  by  the  area  postrema  and  its  caudal  continuation 
into  the  lateral  wall  of  the  cleft-like  central  canal;  (6)  a  lateral  zone 
represented  by  the  area  intermediate  between  dorso-  and  ventro-lateral 
sulci,  and  continuous  in  a  cranial  direction  with  the  ala  cinerea;  and 
(c)  a  ventral  zone  corresponding  to  the  hypoglossal  funiculus  or 
funiculus  teres  and  its  caudal  prolongation  into  the  central  canal. 

I  submit  that  a  comparison  with  the  embryonic  characters  of  the  medul- 
lary canal  leaves  little  room  for  doubt  that  the  whole  of  the  lateral  wall 
of  the  ventricular  cleft  dorsal  to  the  dorso-lateral  sulcus,  and  extending  as 
far  as  the  obex  and  taenia  (cf.  e.g.  figs.  9, 10, 18,  and  19),  corresponds  with  the 
dorsal  zone  or  alar  lamina  of  His.  The  sole  derivative,  therefore,  of  that 
longitudinal  zone  of  the  medullary  parietes,  in  this  calamus  segment  of  the 
bulb,  is  the  area  postrema.  The  ala  cinerea  and  its  caudal  continuation 
form  an  intermediate  or  "lateral"  zone  of  the  medullary  parietes  lying 
between  the  dorso-  and  ventro-lateral  sulci.  It  is  morphologically  distinct 
from  the  genuine  "  dorsal  zone  "  of  His,  and  probably  corresponds  to  the 
"  Schaltstiick.*'  The  ventral  zone  of  His  lies  wholly  ventral  of  the  ventro- 
lateral sulcus.  The  subdivisions  specified  are  indicated  with  almost  diagram- 
matic clearness  in  fig.  21  (p.  241)  from  a  human  foetus  of  the  sixth  month. 
Here  the  primary  nature  of  the  dorso-lateral  sulcus  is  hardly  open  to 
doubt ;  and,  if  that  be  admitted,  the  homology  of  the  area  postrema  to  the 
entire  dorsal  or  alar  lamina  of  His  almost  inevitably  follows  (c/.  especially 
fig.  3,  after  His). ' 
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EXPLANATION  OF  FIGURES  (Figs.  6-21). 
{N.B, — The  stereoscopic  figures  Nos.  7,  12-14  should  be  viewed  with  the  aid  of  a  stereoscope.) 

Fig.  6  (magnification  x  7  diameters). — Transverse  section  of  medulla  oblongata 
of  human  adult,  to  show  the  character  of  the  ventricular  roof  at  a  plane  which  is,  if 
anything,  further  in  a  caudal  direction  than  Ziehen's  fig.  176,  purporting  to  pass 
through  the  obex.     (Celloidin-embedding :  Pal  staining.) 

Fig.  7  ( X  6*2). — Stereophotomicrograph  showing  "typical"  form  of  calamus 
region  of  adult  human  bulb  (specimen  vii.).  A  ".true  obex,"  triangular  in  form,  is 
seen  roofing  over  the  cleft-like  lumen  of  the  neural  canal  at  its  vestibular  opening 
into  the  cavity  of  the  fourth  ventricle.  The  three  longitudinal  zones  of  the  lateral 
wall  of  the  rhombencephalon  ("  floor  of  the  fourth  ventricle  ")  may  be  seen  converging 
caudally  to  enter  into  the  composition  of  the  lateral  walls  of  the  cleft-like  central 
canal  of  the  bulb.  The  dorsal  aspect  of  the  obex  is  clad  with  ependymal  epithelium, 
which  is  reflected,  at  its  caudal  and  lateral  limits,  into  the  pia-ependymal  parietes  of 
the  caudal-dorsal  protrusion  of  the  ventricular  cavity. 

Fig.  8  (  X  29). — Small  portion  of  a  transverse  section  passing  through  the  apical 
(i.e.  caudal)  part  of  the  triangular  obex  of  the  specimen  shown  in  fig.  7.  Only  the 
dorsal  portion  of  the  narrow  lumen  of  the  central  canal  is  visible  in  the  figure. 
The  thick  but  narrow  roof-plate  bridging  over  the  cleft  is  the  obex.  Its  dorsal 
surface  is  clad  by  ependymal  epithelium  :  this  is  part  of  the  lining  of  a  dorsal  space 
with  largely  membranous  parietes.  This  space  is  continuous  with  tlie  ventricular 
cavity  in  front,  and  is  representative  of  the  original  caudal-dorsal  evagination  of  the 
cavity  of  the  rhombencephalon. 

Fig.  (9  X  23). — Part  of  transverse  section  through  adult  human  bulb  (specimen 
ii.).  The  section  reveals  the  "  typical "  form  of  the  central  canal,  immediately 
posterior  to  the  plane  of  its  expansion  into  the  cavity  of  the  fourth  ventricle.  A 
**  true  obex  "  is  seen,  as  in  fig.  8.  Dorsal  to  this  is  the  backward  prolongation  of 
the  ventricular  cavity.  In  the  lateral  wall  of  the  cleft-like  central  canal  the  "  dorso- 
lateral sulcus"  is  present  in  well-marked  form  on  the  right  side.  Dorsal  to  it  the 
lateral  wall  is  bulged  inwards  in  a  gentle  prominence,  formed  by  the  caudal  con- 
tinuation of  the  area  postrema  with  its  "  nucleus  postremus." 

The  "  ventro-lateral  sulcus  *'  is  only  slightly  indicated  opposite  the  widest  part  of 
the  ventral  half  of  the  canal. 

Fig.  10  (  X  29). — Another  section  (specimen  ii.)  through  a  plane  a  little  behind 
that  of  fig.  9.  It  passes  through  the  thicker  caudal  part  of  the  obex.  The 
section  practically  coincides  with  the  line  of  pia-ependymal  reflection  from  the 
dorsal  surface  of  the  obex.  This  reflection  is  described  by  Retzius,  and  is  regarded 
by  him  as  representing  the  true  morphologically  caudal  boundary  of  the  foramen 
of  Magendie. 
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The  dorso-lateral  sulcus  of  the  central  canal  is  here  readily  distinguishable  on 
both  sides.  Immediately  ventral  to  it  is  seen  a  prominence  due  to  the  presence  of  a 
specialised  strip  of  ependyma,  representing  the  caudal  continuation  of  the  "  funiculus 
separans  "  of  Betzius. 

Fig.  11  ( X  42). — Part  of  section  through  calamus  region  of  same  specimen. 
The  plane  lies  immediately  in  front  of  the  anterior  free  border  of  the  obex.  The 
cleft-like  central  canal  is  now  confluent  dorsally  with  the  expanded  part  of  the 
ventricular  cavity.  It  is  therefore  now  a  "  median  furrow  of  the  floor  of  the 
ventricle."  A  relic  of  the  lateral  part  of  the  obex  is  visible  on  the  right  side.  On 
the  left,  its  thick  ligular  continuation  ("  taenia  ventriculi '')  is  seen  tapering  into  the 
expanded  pia-ependymal  roof. 

Fig.  12  (xl'6). — Dorsal  aspect  of  adult  human  bulb  (specimen  vt.%  The 
ventricular  roof  is  intact,  and  a  "  foramen  of  Magendie  "  is  seen.  The  margins  of 
the  latter  are  prolonged  into  the  parietes  of  the  extra-ventricular  space  which  in 
part  represents  the  original  ** caudal  protrusion"  of  the  ventricular  cavity.  These 
margins  have  been  further  everted  and  pinned  backwards.  The  apparent  caudal 
boundary  of  the  foramen  of  Magendie  is  formed  by  a  smooth  cvescentic  **  membranous  " 
or  "false"  obex.  The  caudal  reflection  of  the  pia-ependymal  roof  takes  place  along 
the  line  of  the  root,  or  posterior  attached  margin,  of  this  **  false  obex." 

Fig.  13  (  X  4). — Foramen  of  Magendie  of  same  specimen,  seen  under  slightly 
increased  magnification.  The  details  of  arrangement  of  the  margins  of  the  foramen 
are  clearly  demonstrated  in  this  stereograph,  and  the  membranous  character  of  the 
"  false  obex  "  is  apparent.  Through  the  open  foramen  the  vestibule  of  the  central 
canal  of  the  bulb  is  visible.  This  is  crossed  by  the  **  intercinereal  commissure  sub- 
dividing ventral  and  dorsal  portions  of  the  (primitively  cleft-like)  canal.  The  dorsal 
subdivision  constitutes  a  "  supra-commissural  recess." 

Fig.  14  (  X  4). — The  same  specimen  shown  in  figs.  12  and  13.  The  ventricular  roof 
has  been  removed  from  the  calamus  region,  so  that  the  vestibule  of  the  central  canal 
is  more  completely  shown.  The  "intercinereal  commissure"  is  plainly  formed  by  a 
median  fusion  of  funicular  prolongations  of  the  alae  cinereae.  The  so-called  "  funiculus 
separans"  is  visible,  especially  upon  the  right  side  (of  the  figure),  as  a  white  stria 
skirting  the  dorsal  border  of  the  cinereal  funiculus  of  the  ventricular  floor.  Traced 
caudal ly,  it  becomes  indistinct  along  the  ventral  lip  of  the  dorso-lateral  sulcus.  The 
postreraal  columns  are  very  prominent.  The  ragged  linear  site  of  attachment  of  the 
ventricular  roof  is  very  obvious. 

Fig.  15  ( X  8). — Portion  of  transverse  section  below  the  calamus  region  of  the 
same  specimen  from  which  figs.  9-1 1  are  reproduced  (specimen  ii.). 

The  apex  of  the  dorsal  commissural  wedge  is  seen  projecting  at  the  bottom  of 
the  dorsal  median  fissure.  The  central  canal  at  this  plane  shows  only  a  very  small 
slit-like  lumen  representing  merely  the  most  ventral  portion  of  the  cleft  visible  in 
figs.  9-10.  Its  obliterated  dorsal  portion  is  even  here  represented  by  a  track  of  paler 
tissue  which  extends  from  it  in  a  dorsal  direction.  In  the  more  dorsal  region  of 
this  track  there  may  be  discerned,  under  higher  magnification,  the  remains  of 
ependymal  epithelium. 
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Fig.  16  (  X  30). — Part  of  a  section  of  specimeu  ii.  about  0*3  mm.  above  the 
plaue  of  fig.  15.  Here  the  cleft-like  canal  has  substantially  increased  through  its 
further  dorsal  extension  into  the  mass  of  the  dorsal  grey  commissure.  The  latter 
still  projects  into  the  dorsal  median  fissure.  In  the  extreme  dorsal  region  of  the 
lumen  of  the  canal  there  is  seen  on  either  side  a  patch  of  specially  thickened 
ependyma. 

Fig.  17  (  X  29). — The  section  cuts  a  plane  about  0*43  mm.  higher  up  than 
fig.  16.  Here  the  canal  has  attained  further  dorso-ventral  extension.  The  patch  of 
thickened  ependyma  which  had  become  evident  in  the  previous  figure  is  now  more 
distinctly  localised,  constituting  the  thickened  ependymal  strip  noted  in  fig.  10. 
Immediately  dorsal  to  it  the  dorso-lateral  sulcus  is  about  to  become  indicated,  as  in 
figs.  9  and  10.  But  the  virtual  lumen  already  extends  much  further  in  a  dorsal 
direction;  A  small  dilatation  of  its  extreme  dorsal  portion  is  now  discernible  in  the 
base  of  the  wedge-shaped  plug  which  forms  still  a  papillary  projection  at  the  bottom 
of  the  dorsal  median  fissure.  By  this  extension  of  the  lumen  into  the  base  of  the 
plug  the  latter  becomes  an  evident  roof -plate,  and  is  as  such  directly  continued  into 
the  caudal  part  of  the  obex. 

Fig.  18  (  X  18). — The  plane  of  this  section  lies  0*25  mm.  higber  up  than  that 
of  fig.  17.  The  dorso-ventral  extent  of  the  lumen  has  now  reached  its  maximum. 
The  plane  may  be  regarded  as  that  of  the  caudal  limit  of  the  obex.  It  lies  about 
O'lT  mm.  behind  the  section  figured  in  fig.  10.  (The  difierences  in  magnification 
must  be  taken  note  of.)  This  is  the  lowest  plane  illustrated  in  which  the  peculiar 
diflferentiation  of  the  tissue  forming  the  walls  of  the  cleft-like  canal,  dorsal  of  the 
dorso-lateral  sulcus,  can  be  recognised.  This  tissue  forms  the  hindmost  portion  of 
the  "  nucleus  postremus." 

Fig.  19  (  X  23). — The  section  passes  very  slightly  above  the  plane  illustrated 
in  fig.  11  from  the  same  Hpecimen.  The  fioor  of  the  ventricular  furrow  is  imperfect, 
but  the  dorso-lateral  regions  show  typical  structural  arrangements.  The  dorso-lateral 
sulcus  is  very  definite,  and  the  thickened  strip  of  ependyma  (funiculus  separans) 
bordering  it  ventrally,  and  extending  into  it,  is  quite  apparent  iu  the  photograph, 
especially  with  the  aid  of  a  lens.  The  nucleus  postremus,  dorsal  to  the  sulcus,  has 
increased  in  bulk  and  definiteness. 

Fig.  20  (  X  18). — This  section  is  from  a  plane  a  little  over  half  a  millimetre  in 
front  of  that  illustrated  in  fig.  19.  The  dorsal  portion  of  the  ventricular  cleft  is  now 
rapidly  opening  out.  The  lateral  walls  ventral  of  the  dorso-lateral  sulcus  are 
unfortunately  damaged.  The  cushion-like  area  postrema  forms  a  marked  projection 
on  each  side.  The  section  is  slightly  oblique,  so  that  the  area  is  cut  more  or  less 
transverse  to  its  long  axis  on  the  right,  and  more  obliquely  on  the  left  of  the  figure. 
The  neurones  of  the  "  nucleus  postremus  "  are  seen  to  be  very  numerous,  and  form  a 
very  well-defined  group.  The  neuronic  groups  belonging  to  the  vagus  and  hypo- 
glossal nerves  are  clearly  evident  on  the  right  side.  The  section  was  stained  with 
methylene  blue. 

Fig.  21  (x23). — From  a  transverse  section  of  a  human  foetal  bulb  showing 
typical  cleft-like  neural  canal.     In  its  walls  are  situated  the  sharply  indented  dorso- 
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lateral,  and  the  wider  and  more  indefinite  ventro-lateral  sulci.  Between  these 
furrows  is  the  cinereal  funiculus  or  intermediate  zone  of  the  medullary  wall.  The 
exceedingly  prominent  area)  postremae  of  opposite  sides  are  in  contact  slightly,  but 
are  not  fused  medially.  The  cleft-like  canal  extends  dorsally  between  them,  and 
suddenly  widens  out  dorsally  in  the  horizontal  direction.  The  thin  and  expanded 
pia-ependynial  roof  is  lacking,  but  a  trace  of  its  lateral  attachment  may  be  detected, 
especially  on  the  riglit,  at  the  dorso-lateral  angle  of  the  postrcmal  mass. 

The  ependymal  epithelium  lining  the  canal  below  the  level  of  the  dorso-lateral 
sulcus  is  of  high  columnar  character.  That  lining  the  ventricular  space  above  that 
level  and  covering  the  surface  of  the  postremal  area  is  flattened  and  inconspicuous. 
The  epithelium  lining  the  bottom  of  the  dorso-lateral  sulcus  is  specially  elongated. 


(Fart  II.  of  this  paper  imll  appear  in  the  July  number  of  the  Journal.) 
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NOTES  ON  THE  CORONAL  SUTURE.^     By  F.  G.  Parsons, 
*S7  ThomuMH  Hospital  Medmd  Sch<M)l,  Loiifhrn,  S.E. 

On  looking  at  a  human  parietal  bone,  it  is  well  known  that  its  anterior 
border  undergoes  a  change  below  the  place  where  the  temporal  ridge  crosses 
it.  Above  this  point  it  is  serrated,  below  it  overlaps  the  frontal  in  a  more 
or  less  s(juanious  manner. 

In  some  skulls  there  is  a  slight  though  definite  angle  at  the  stephanion, 
the  point  of  crossing  of  the  temporal  ridge. 


Fig.  1. — Skulls  of  man  and  red  deer.     «.  Pterion. 

In  looking  at  the  coronal  suture  of  a  ruminant  such  as  a  sheep  or  deer, 
one  is  struck  by  the  mucli  greater  accentuation  of  this  angle  and  by  the 
way  in  which  the  outer  table  of  the  parietal  overlaps  the  frontal  for 
an  enormous  distance  in  a  downward  and  forward  direction.  It  long  ago 
occurred  to  me  that  this  was  caused  by  the  forward  pull  of  the  temporal 
muscle  in  retracting  the  jaw,  that  as  it  pulled  the  jaw  back  it  gradually 
pulled  the  outer  table  of  the  parietal  forward;  but  there  were  many 
difficulties  connected  with  mammalian  skulls  which  1  could  not  account 
for  then,  but  which,  I  think,  I  now  can.  In  the  Hrst  place,  the  coronal 
suture  of  the  Carnivora  is  quite  straight  and  shows  no  angle:  this  I 
account  for  by  the  fact  tliat  in  the  Carnivora  the  lower  jaw  joint  is  a 
perfect  hinge  and  allows  no  forward  movement,  consequently  the  temporal 
is  never  used  aa  a  retractor,  and  would  not  be  expected  to  pull  forward  the 
parietal.     In  the  herbivorous  marsupials,  like  the  kangaroo  and  wallaby, 

*  Read  before  the  Anatomical  Society  of  Grefit   Britain   and  Ireland,  November  24, 
1905. 
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the  bending  of  the  suture  is  nearly  as  gi*eat  as  in  the  ruminants,  but  in 
the  carnivorous  ones  it  is  not  so.  The  rodents  were  my  greatest  difficulty, 
because  in  them  the  lower  jaw  hardly  opens  at  all  in  our  sense  of  the 
word, — it  slides  backward  and  forward  in  an  antero-posterior  groove,  and 
here,  if  anywhere,  the  effects  of  the  temporal  on  the  coronal  suture  should 
be  evident.  So  it  is  in  the  squirrel-like  rodents,  the  squirrel,  the  beaver,  and 
the  marmot ;  but  in  those  of  the  porcupine-like  suborder,  although  the  lower 
jaw  moves  forward  and  backward  just  as  freely  as  in  the  others,  the  coronal 
suture  is  quite  straight,  and  there  is  no  pulling  forward  of  the  lower  end 
of  the  parietal  bone  at  all.  This  is  the  case  in  the  viscacha,  the  capybara, 
the  agouti,  and  the  coypu,  and  I  now  see  that  the  reason  for  it  is  that 
the   temporal   muscle  is  so  small  and  low  that  it  does  not  pass  over  the 


Fig.  2. — Skull  of  dog.     a.  Pterioii.  Fig.  3. —Skull  of  beaver,     a.  Pteiion. 

coronal  suture  at  all,  but  over  the  squamosal  bone,  so  that  these  animals 
have  no  stephanion  on  their  skulls,  and  of  course  the  coronal  suture 
is  unaffected.  In  the  porcupine  itself  the  muscle  does  just  cross  the 
lower  edge  of  the  coronal  suture,  and  in  it  there  is  a  slight  though 
marked  angle  at  the  point  of  crossing. 

That  the  temporal  muscle  is  responsible  for  the  simple  form  of  the  coronal 
suture  below  the  stephanion  in  man,  the  evidence  of  comparative  anatomy 
goes  to  show;  but  why  the  suture  should  commence  to  be  obliterated 
there,  is  part  of  a  larger  inquiry,  and  I  am  now  seeking  an  explanation. 

While  talking  about  the  coronal  suture,  I  should  like  to  show  two 
photographs  of  a  skull,  from  the  great  collection  at  Hythe,  in  which 
one  side  of  the  coronal  suture  has  been  prematurely  obliterated  with 
the  usual  lateral  distortion  due  to  stoppage  of  growth  in  length  on  that 
side,  but  the  point  which  struck  me  as  interesting  is  that  the  growth  in 
height  is  also  stopped  on  that  side. 


A  NOTE  ON  THE  TOPOUKAPHICAL  ANATOMY  OF  THE  CAPUT 
GYRI   HIPPOCAMPI.i     By    Johnson  Svmengton,    M.D..    F.R.S.. 

Prtife><sor  of  Anulomy,  Qwpi-'"  ('<>lh;/fl,  Jir/foxf. 

This  part  of  the  tjyrus  hippoctiinpi  is  of  considerable  morphological  and 
physiological  importance,  since  it  corresponds  to  the  pyriform  lobe  of 
mammals  and  is  the  main  cortical  centre  for  smell.  Its  boimdaries  and 
certain  niarkingij  on  its  surface  have  Ixsen  investigated  with  great  care  by 


Professor  G.  Retzius,^  but  its  relations  to  the  cranial  wall  appear  to  have 
been  overlooked,  although  these  are  not  without  interest  in  connection  with 
its  general  form  and  surface  markings.  Retzius  ha«  described  a  fissure  on 
its  surface  which  he  terms  the  iuU-ni  rliiin'.iireiihiih.i''  iufn'ii'i:  This* 
fissure  is  directed  froui  before  backwards,  and  is  generally  situated  a  little 
below  and  in  front  of  the  anterior  end  of  the  hippocanipal  sulctLS,  where 
'  Read  Iwforc  tlie  Aiiatoiiiiuil  Sociiity  of  Great  Britain  and  Ireland,  Novenilier  24, 
190S.  -  Dat  Menschenhirn,  1806, 
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this  forms  the  lower  boundary  of  the  uncus.  Occasionally  it  is  in  line 
with  this  sulcus.  Retzius  admits  that  the  inferior  rliinencephalic  sulcus 
varies  considerably  in  depth,  being  sometimes  very  shallow  and  in  other 
cases  appearing  as  a  well-defined  fissure.  He  was  able  to  recognise  its 
existence  in  sixty-nine  out  of  one  hundred  hemispheres.' 

During  the  examination  of  a  series  of  adult  human  brains  hardened  in 
»ita  by  the  injection  of  formol,  I  invariably  found  a  groove  in  the  position 
of  the  fissure  described  by  Retzius,  and  by  making  dissections  of  the  brain 
in  nitu,  I  found  that  this  groove  was  occupied  by  the  anterior  part  of  the 


free  edge  of  the  tentorium  cei-ebelli,  a  little  behind  the  •  anterior  clinoid 
process  and  external  to  the  third  nerve.  These  relations  are  most  readily 
shown  by  making  a  median  section  of  the  head  and  then  dividing  on  each 
side  the  upper  part  of  the  cms  cerebri  and  removing  the  portion  of  the  brain 
below  this  cut  (tigs.  1  and  2).  By  this  means  the  relation  of  the  free  edge 
of  the  tentorium  cerebelli  to  the  brain  is  easily  ascertained.  On  such  pre- 
parations it  will  be  seen  that  this  edge  passes  forwards  and  downwards  from 
just  behind  the  splenium  of  the  corpus  eallosum  across  the  isthmus,  uniting 
the  callosal  and  hippocampal  gyri,  and  occasionally  indenting  it.  It  then 
passes  into  the  depression  between  the  upper  border  of  the  lateral  aspect  of 
'  Dot  Metuchenhim,  Text,  S.  14. 
VOL.   XL,  (third  SEK.   VOL.   I.) — APR.   1908.  20 
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the  pons  Varolii  and  the  crus  cerebri.  In  front  of  this  it  again  comes  into 
close  relation  with  the  cerebral  cortex,  and  on  the  caput  gyri  hippocampi 
corresponds  to  a  distinct  longitudinal  depression.  The  lower  part  of  the 
caput  lies  against  the  dura  mater  in  the  middle  fossa  of  the  base  of  the 
skull,  where  the  dura  mater  forms  the  outer  wall  of  the  cavernous  sinus. 
The  upper  part  bulges  upwards  and  inwards  above  the  edge  of  the 
tentorium  and  presents  an  uneven  surface,  being  marked  by  the  gyi*us 
lunaris  and  gyrus  ambiens  of  Retzius  and  continued  backwards  to  form 
the  uncus. 

The  question  arises  as  to  whether  this  tentorial  impression  should  be 
described  as  a  sulcus.  In  the  great  majority  of  cases  it  merely  represents  a 
change  in  direction  of  the  cortical  surface  of  about  90**,  and  it  is  only 
occasionally  that  the  bottom  of  the  groove  is  prolonged  into  a  shallow 
fissure  with  the  two  walls  parallel  with  one  another.  The  superficial 
character  of  the  impression  is  shown  in  nearly  all  the  illustrations  given 
by  Retzius  (see  Tafeln  Ixi.,  figs.  3  and  4 ;  Ixiii.,  fig.  2 ;  Ixv.,  figs.  1  and  2  ; 
Ixvi.,  fig.  2;  Ixix.,  fig.  3:  Ixxii.,  figs.  2  and  3;  Ixxiii.  figs.  3  and  4;  Ixxiv., 
figs.  3  and  4 ;  Ixxxii.,  fig.  2,  and  xc,  fig.  10).  In  Tafeln  Ixi.,  fig.  2,  and  Ixix., 
fig.  4,  it  is  deeper  than  usual,  and  in  the  description  of  the  former  figure 
Retzius  writes,  "  Der  Sulcus  rhinencepali  inferior  ist  ausserordentlich  stark 
entwickelt." 

In  my  own  specimens  I  have  always  found  the  groove  present  in 
brains  hardened  in  sifu,  but  have  never  observed  it  to  possess  the  appear- 
ance of  a  clean-cut  fissure. 

It  appears  to  me  to  be  of  the  same  nature  as  the  transverse  depression 

bounding  the  so-called  post-orbital  limbus,^  which  is  sometimes  found  on 

the  orbital  surface  of  the  frontal  lobe  opposite  the  free  border  of  the  lesser 

wing   of   the   sphenoid,  to  Schwalbe's  notch  on  the  lateral  border  of  the 

hemisphere,  and  to  the  depression  on  the  inner  side  of  the  occipital  pole  of 

one  of  the  hemispheres  due  to  a  lateral  deviation  of  the  posterior  end  of 

the  superior  longitudinal  sinus,  and  I  do  not  think  it  ought  to  be  regarded 

as  an  ordinary  cerebral  sulcus. 

Occasionally  the  inferior  part  of  the  caput  is  marked  by  a  short  sulcus 

which  occurs  along  with  the  tentorial  impression,  but  takes  an  oblique  or  a 

coronal  direction.     An  illustration  of  this  fissure  is  shown  in  Tafel  Ixxxii., 

fig.  3,  of  Retzius*s  Mevschenhirn. 

*  E.  A.  Spitzkat,  "  Tlie  Post-orl)ital  Limbiis,  a  Formation  occasionally  met  with  at  the 
base  of  the  Htiman  Brdiu,"  The  Philadelphia  Medical  Journal^  April  1903. 


THE  VERMIFORM  APPENDIX  OF  MAN,  AND  THE  STRUCTURAL 
CHANGES  THEREIN  COINCIDENT  WITH  AGE  By  Richard 
J.  A.  Berry,  M.D.,  F.R.C.S.  Edin.,  F.R.S.  Edin.,  Professor  of  Anatomy, 
Univerf^ity  of  Melbourne)  and  L.  A.  H  Lack,  M.B.,  Ch.B.  Edin., 
Indian  Medical  Service}  {From  the  Research  Laho7^(itot*y  of  the 
Royal  College  of  Physicians  of  Edinburgh.) 

In  a  paper  on  "  The  True  Caecal  Apex,  or  the  Vermiform  Appendix :  its  Minute 
and  Comparative  Anatomy,"  published  by  Dr  R.  J.  A.  Berry  in  the  Jourmd 
of  Anatomy  and  Physiology,  New  Series,  vol.  xv.  page  83,  it  was  shown 
that  lymphoid  tissue  is  the  characteristic  feature  of  the  ci«cal  apex  and 
that  the  vermiform  appendix  of  man  is  represented  in  the  vertebrate 
kingdom  by  a  mass  of  lymphoid  tissue,  situated  most  fre(juently  at  the 
caecal  apex.  As  the  vertebrate  scale  is  ascended,  this  lymphoid  tissue  tends 
to  be  collected  together  into  a  specially  differentiated  portion  of  the  in- 
testinal canal — the  vermiform  appendix — which  is  not  therefore  a  vestigial 
structure,  but  is  on  the  contrary  a  specialised  part  of  the  alimentary  canal. 

The  paper,  the  conclusions  from  which  have  just  been  quoted,  dealt 
exclusively  ^yith  the  lower  animals  from  Pisces  to  Anthropoids.  The 
present  work,  on  the  other  hand,  deals  only  with  the  vermiform  appendix 
of  man,  and  is  therefore  the  necessary  corollary  and  continuation  of  the 
former  communication. 

In  the  interval  which  has  elapsed  between  the  appearance  of  Berry's 
first  paper,  previously  (juoted,  and  the  completion  of  the  present 
work,  our  knowledge  of  the  minute  structure  of  the  human  appendix 
has  been  considerably  advanced  by  the  publication,  amongst  other  papers, 
of  C.  B.  Lockwood's  Appendicitis:  its  Pathology  and  Surgery,  and  conse- 
quently one  of  the  primary  objects  originally  laid  down  some  ten  or  more 
years  ago,  when  the  outlines  of  a  research  upon  the  vermiform  appendix 
were  being  devised,  has  been  allowed  to  fall  into  a  secondary  position, 
making  way  for  the  consideration  of  the  very  nmch  more  important 
(juestions : — 

1.  At  what  age  does  lymphoid  tissue  first  appear  in  the  human  appendix  ? 

2.  At  what  age,  if  at  all,  does  that  lymphoid  tissue  tend  to  disappear  ? 

^  Read  at  the  First  International  Federative  Congress  of  Anatomy— Geneva,  August 
19(^5. 
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3.  Is  obliteration  of  the  human  appendix  a  physiological  process,  as 
affirmed  by  Ribbert,  or  a  pathological  condition  as  asserted  by  others  ? 

The  present  paper  is  an  attempt  to  furnish  satisfactory  and  convincing 
answers  to  these  important  queries,  and  incidentally  and  secondarily  to 
demonstrate  what  is  to  be  regarded  as  the  normal  structure  of  the  vermi- 
form appendix  of  man.  With  these  objects  in  view,  the  authors  have  cut 
103  human  appendices  of  both  sexes  and  of  all  ages,  from  the  full-term 
foetus  up  to  eighty  years.  The  majority  of  the  preparations  were  stained 
in  haematoxylin  and  eosin. 

1.  At  ivhat  age  does  lymphoid  tissue  first  appear  in  the  huiyuin  appen- 
dix?— In  Berry's  first  paper  dealing  with  the  lower  animals  he  showed 
that  at  birth  there  is  but  little  lymphoid  tissue  in  the  rabbit's  appendix, 
but  that  within  a  week  after  birth  the  lymphoid  tissue  has  increased  to 
such  an  extent  as  to  convert  the  rabbit's  appendix  into  a  lymph  gland. 

In  the  full-term  fcetal  kitten  it  was  again  shown  that  the  csecal  apex 
contains  practically  no  lymphoid  tissue,  but  that  at  seven  days  old  the 
lymphoid  tissue  is  the  most  prominent  feature  of  the  caecum  and  is  already 
collected  into  germ  centres,  though,  perhaps,  not  to  such  an  extent  as  in  the 
older  animals. 

As  with  the  rabbit  and  the  cat,  so  also  with  the  pigeon.  At  birth  there 
is  practically  no  lymphoid  tissue  within  the  caecum,  but  seven  days  later  the 
two  short  cfBca  are  characterised  by  a  marked  preponderance  of  that  tissue. 

Man  differs  but  little,  if  at  all,  from  the  lower  animals  in  this  respect. 
In  the  vermiform  appendix  of  the  full-term  human  fcetus  there  is  practi- 
cally no  lymplioid  tissue,  or  at  least  so  little  as  to  constitute  a  negligible 
([uantity,  whilst  lymph  follicles  are  absent  (see  fig.  1). 

Within  fourteen  days  at  least  two  well-marked  lymph  follicles  have 
made  their  appearance,  and  lymphoid  tissue  is  scattered  profusely  through- 
out the  whole  of  the  mucosa  (see  fig.  2). 

At  six  weeks  the  increase  is  somewhat  startling.  There  are  eight  to 
twelve  lymph  follicles,  and  the  whole  of  the  mucosa  and  sub-mucosa  are 
densely  infiltrated  with  lymphoid  tissue  (see  fig.  3). 

At  thirty-two  weeks  the  vermiform  appendix  of  man  is  to  all  appearances 
an  actively  functional  gland  (see  fig.  4).  There  are,  in  the  plane  of  a  trans- 
verse section,  about  ten  to  twelve  well-marked  and  large  lymph  follicles 
and  about  160  tubular  glands,  which  last  are  actively  functional,  as  proved 
by  the  mucous  and  other  cells  in  the  lumen  of  the  appendix. 

The  answer  to  the  question  "At  what  age  does  lymphoid  tissue  first 
appear  in  the  human  appendix  ? "  is  then  sufficiently  obvious.  In  all 
the    lower    animals   examined    by  Berry   the    amount   of    time   required 
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for  the  evolution  of  lymplioid  tissue  in  the  appendix  or  caacal  apex  was  at 
most  one  week.  In  man,  as  shown  by  the  present  research,  it  is  somewhat 
longer,  namely,  a  month  to  six  weeks,  though  it  is  quite  probable  that  a 
prolonged  investigation  of  human  infants  from  one  day  to  three  weeks 
might  reduce  this  time;  but  so  far  as  our  present  knowledge  goes  it  is 
sufficiently  clear  that  there  is  no  lymphoid  tissue  in  the  csBcal  apex  of  the 
lower  animals  nor  in  the  appendix  of  man  at  the  time  of  birth,  but  that 
within  one  to  six  weeks  the  portion  of  gut  under  consideration  has  become 
an  actively  functional  lymph  gland. 

Before  passing  to  the  consideration  of  the  second  question  enunciated  in 
the  commencement  of  this  paper,  it  will  be  advisable  to  say  something  of 
the  normal  structure  of  the  human  appendix.  This  question  has  been  so 
thoroughly  worked  out  by  C.  B.  Lockwood  of  London  that  it  is  unnecessary 
to  do  more  than  briefly  refer  to  it. 

In  the  human  appendix  there  is  an  external  serosa  or  peritoneal  coat 
(see  fig.  5).  This  coat  is  continuous  with  the  peritoneum  of  the  meso- 
appi^ndix ;  and  here,  in  view  of  the  numerous  discrepant  statements  made  by 
surgical  writers,  it  may  be  as  well  to  say  that  whether  the  meso-appendix 
does  or  does  not  appear  to  extend  to  the  apex  of  the  appendix  the  fact 
remains  that  the  appendix  is  always  entirely  surrounded  by  peritoneum, 
except  in  those  rare  cases  where  it  occupies  a  retro-csecal  or  retro-colic 
pasition,  in  which  event  the  serosa  may  disappear  by  fusion  in  much  the 
same  way  as  happens  to  the  descending  meso-colon  of  the  fa^tus,  as  pointed 
out  by  Symington. 

Internal  to  the  serosa  is  the  external  longitudinal  muscular  coat,  the 
thickness  of  which  diff*ers  considerably  at  different  ages,  and  in  which  there 
is,  according  to  Lockwood,  a  hiatus  muscularis  for  the  transmission  of 
vess(ils.  Tlie  present  authors  hav(^  not  succeeded  in  finding  this  hiatus  with 
anything  like  the  constancy  described  by  Lockwood. 

Tlie  circular  muscular  coat,  internal  to  the  longitudinal  muscular  coat, 
again  differs  considerably  in  thickness  at  different  ages. 

Immediately  internal  to  the  muscular  coverings  comes  the  submucosal 
composed  of  connective  tissue,  blood-vessels,  nerves,  and  lymphatics.  It 
varies  in  thickness  more  than  any  other  coat  of  the  appendix,  and  is  very 
frecjuently  invaded  by  the  lymph  follicles  and  tissue  from  the  mucosa. 

Th(»  thin  muscularis  mucosa?  separates  the  submucosa  from  the  mucosa, 
but  difffers  very  widely  in  its  development  in  different  individuals.^ 

*  Binuiiighani,  who  has  publiahed  two  excellent  figures  of  the  structure  of  the  vermi- 
form appendix  in  a  child  of  two  years  and  in  an  adult  aged  fifty-six,  holds  that  the 
muscularis  mucosa}  is  placed  internal  to  the  lymphoid  follicles.  (Text -hook  of  Anatomy, 
edited  by  nunningham).-  Ed. 
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-Full  Tenn  Fcetus.     Male, 
the  absence  of  lyi 
n  the  verm  i  form  uppendi 


3. — Mule,  Aged  6  weeks, 
of  the  liumaii  Bp]wii<]ix 
lympli  glaiid. 


Fic.  1,— Agi'd  32  w(*l;s.  Fid,  6  —Female.     Aged  10  weeks, 

'prmil'omi  itiii«ndii  as  an  acIiviOy  To  illustrate  tlie  normal  structure  of  tlie 

I'ltnctionul  lymph  gland.  hiiniati  apiH'iidii. 
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Fig.  6. — Male.     Aged  19  year*.  Flti.  7.— Female.     Aged  80  jeare. 

To  illustrate  the  amount  of  lymjihoid  tissue  To  illustrate  the  absanco  of  lymjilioid  tiss 

as  contrasted  with  ng.  7.  as  contrasted  with  lig.  6. 


Fio.  8.  — Female.     Aged  24  yealij. 

To  illustrate  the  fiinetional  activity  of  the 

vemiifonn  ap|*ndii  during  the  first  half  of  life. 


Fir.  10.— Fcmala,     As;ed  68  yeaiB.  Fl<i.  11.— FemalE.     Aged  17  years. 

Pathological  obliteration  of  the  vermifoTiii  To  illustrate  the  preaence  of  the  whiiiw« 

apiicndix.  (TriclUKephiUtis  Hominis)  in  the  hun 

appendix. 
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The  most  internal  coat  is  the  mucosa  itself,  chiefly  composed  of  tubular 
glands  embedded  in  lymphoid  tissue,  and  of  lymph  follicles  together  with 
a  vascular  and  lymphatic  system  and  nerve  endings.  Internal  to  all,  and 
separating  the  mucosa  from  the  lumen,  is  a  single  layer  of  columnar 
epithelial  cells  resting  upon  a  delicate  basement  membrane.  This  last  is 
very  easily  destroyed,  thus  greatly  facilitating  the  entrance  of  bacteria 
from  the  lumen  of  the  gut  into  the  mucosa  of  the  appendix. 

The  number  of  tubular  glands  present  in  the  mucosa  varies  very  con- 
siderably, and  undoubtedly  diminishes  with  advancing  age ;  thus  we  find 
between  the  ages  of  11  and  20  years  an  average  of  from  sixty  to  seventy 
tubular  glands,  whilst  between  the  ages  of  70  and  80  the  average  number 
dwindles  to  about  thirty,  and  even  these  are  very  much  atrophied. 

The  lymphoid  follicles  constitute  the  most  striking  feature  of  tlie 
human  appendix.  Each  follicle  consists  of  two  ptirts — a  central  part  which 
stains  more  lightly  than  tlie  rest,  and  a  cortical  part  which  stains  deeply. 
Each  follicle  is  either  surrounded  by  a  basilar  lymph  sinus  or  merges 
imperceptibly  into  the  lymphoid  tissue  of  the  mucosa  or  of  a  neighbouring 
follicle.     The  number  of  the  follicles  varies,  as  will  1x3  shown  later,  with  aw. 

Passing  now  to  the  consideration  of  the  second  problem,  "^4^  wind  it(/f\ 
if  at  all,  flor>i  the  lyinpJtoid  ti'tmie  tend  to  dmippear  frtmi  the  human 
appendix  r'  it  maybe  at  once  admitted  that  it  is  not  easy  to  furnish  a 
satisfactory  answer. 

Changes  in  mucous  membranes  are  apparently  so  easily  induced  by 
vascular  conditions,  by  pathological  processes  of  all  natures,  by  dietetic 
variations,  and  by  numerous  other  morbid  and  physiological  changes,  that 
there  are  obviously  many  pitfalls  in  endeavouring  to  answer  such  a 
question  as  the  one  now  propounded.  It  must,  however,  be  borne  in  mind 
that  what  is  now  proposed  is  an  investigation  of  the  time  at  which 
lymphoid  tissue  tends  to  disappear  from  the  human  appendix ;  that  every 
appendix  which  displayed  any  tendency  to  obvious  morbid  change  was 
cast  on  one  side  as  useless  for  the  present  research,  and  that  those  which 
remain  have  all  been  submitted  to  a  skilled  pathologist  with  a  view 
of  eliminating  any  appendix  obviously  pathological  in  character.  But  even 
with  these  precautions  it  is  not  easy  to  furnish  a  satisfactory  answer. 

That  the  lymphoid  tissue  does  tend  to  disappear  from  the  human 
appendix  is  certain.     The  fact  may  be  proved  in  two  ways. 

First,  if  the  number  of  lymph  follicles  visible  in  a  transverse  section  of 
any  appendix  be  counted  they  will  be  found  to  become  less  numerous 
with  advancing  age;  and,  secondly,  a  comparison  of  an  appendix  from 
the  first  decade  of  life  with  one  from  the  last  decade  of  an  aged  person 
will  be  even  more  conclusive. 
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As  regards  the  first  line  of  proof,  we  divided  all  the  appendices 
examined  into  decades,  counting  the  number  of  lymph  follicles  in  each 
section.  On  striking  an  average  the  following  results,  sufficiently  con- 
clusive in  themselves,  are  obtained: — 

The  average  number  of  lymphoid  follicles  present  in  a  single  transverse 
section  through  the  centre  of  the  human  appendix  are 
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The  total  number  of  lymphoid  follicles  in  any  one  appendix  is,  between 
the  ages  of  10  and  20,  something  like  200,  which  progressively  diminish  in 
the  above-mentioned  ratio. 

The  second  line  of  proof — an  examination  of  appendices  at  the  extremes 
of  life — affords  even  more  striking  evidence  of  the  fact  that  lymphoid 
tissue  tends  to  disappear  from  the  human  appendix.  If,  for  example,  the 
appendix  of  a  person  age  19  years  (see  fig.  6)  be  contrasted  with  that  of  a 
person  age  80  (see  fig.  7),  it  will  be  found  that  in  the  former  the  lymphoid 
follicles  are  more  numerous  and  are  larger  than  in  the  latter — numbering 
about  seven  to  nine  in  the  first  case,  with  not  more  than  the  feeblest  traces 
of  two  in  the  second  case.  The  lymphoid  tissue  itself  is  also  much  more 
sparse  in  the  elderly  person  than  in  the  young  person,  and  in  many  elderlj'^ 
persons  is  almost  completely  absent. 

It  must  be  remembered  that  we  do  not  state  that  lymphoid  tissue 
actually  and  totally  disappears  from  the  appendix,  but  merely  that  it  tends 
to  disappear,  and  that  this  tendency  commences,  in  the  majority  of  persons, 
about  middle  life.  This  therefore  is  our  answer  to  the  question  pro- 
pounded:— Lymphoid  tissue  never  totally  disappears  from  the  appendix, 
but  is  present  in  much  greater  amounts  in  early  life,  diminishing  about 
middle  life,  and  from  that  onwards  shows  a  progressive  tendency  to  dis- 
appearance, without  ever  reaching  total  extinction. 

Having  answered  the  question,  and  having  adduced  two  lines  of  proof 
in  support  of  that  answer,  it  may  now  be  advisable  to  follow  out  the 
gradual  changes  in  the  mucosa  of  the  appendix. 

It  has  already  been  shown  that  lymphoid  tissue  makes  its  appearance 
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within  the  appendix  in  from  four  to  six  weeks  after  birth,  at  which  period 
the  appendix  is  to  all  practical  purposes  an  actively  functional  lymph 
gland.  If  the  examination  be  strictly  limited  to  perfectly  healthy  appen- 
dices there  are  no  very  obvious  changes  until  after  30  years  of  age  (see 
figs.  8  and  9) ;  at  that  period  the  lymph  follicles  tend  to  become  flattened, 
diffuse,  and  aggregated,  whilst  the  mucosa  commences  to  show  signs  of 
atrophy.  To  this  general  statement  there  are,  of  course,  individual  excep- 
tions ;  but  the  broad  fact  remains  that  until  the  fourth  decade  the  vermiform 
appendix  is  an  actively  functional  lymph  gland,  but  that  during  that  decade 
its  function,  as  evinced  by  its  structure,  is  much  less  active.  During  the  fifth 
decade  the  lymphoid  follicles  have  not  only  actually  diminished  in  number 
but  have  assumed  a  reticulated  appearance,  the  lymphoid  tissue  is  much 
more  sparsely  scattered  throughout  the  mucosa,  and  the  mucosa  itself  evinces 
signs  of  the  most  profound  changes,  looking  as  though  it  had  been  gradu- 
ally worn  away  by  friction.  During  the  sixth  decade  the  signs  of  decline 
are  still  more  obvious,  and  certainly  one  would  not  now  be  justified  in 
speaking  of  the  appendix  as  an  actively  functional  lymph  gland.  With 
the  seventh  and  eighth  decades  it  is  perfectly  obvious  that  the  appendix 
has  cearsed  to  be  a  functional  structure  (see  fig.  7). 

We  now  pass  to  the  third  question — "/«  obliteration  of  the  huvian 
appendix  a  phyniological  procem,  as  affirmed  by  Ribbert,  or  a  pathological 
condition  as  asserted  by  otliers?  " 

Writing  on  the  Normal  Anatomy  of  the  Vermiform  Appendix,  in 
Virchows  Archiv  in  1893,  Ribbert  came  to  the  same  conclusions — as 
regards  the  evolution  of  the  lymphoid  tissue  in  the  appendix — as  we 
have ;  but  on  the  present  question  of  the  obliteration  of  the  appendix, 
we  part  company. 

It  is  well  known  that  it  is  quite  common  to  meet  with  partial  or  com- 
plete obliteration  of  the  vermiform  appendix  (see  fig.  10).  Ribbert  met 
with  it  in  something  like  25  per  cent,  of  his  cases,  but  never  saw  a  case  of 
complete  obliteration  below  the  age  of  30  years.  He  seems  to  regard  it  as 
a  normal  process  of  involution  in  an  organ  in  a  process  of  gradual  retro- 
gression, and  it  is  on  this  point  that  we  are  compelled  to  differ  from  him. 

We  only  found  undoubted  cases  of  complete  obliteration  of  the  vermiform 
appendix  seven  times  out  of  103  cases,  and  it  will  be  remembered  that  all 
cases  where  there  was  any  doubt  whatsoever  about  the  patient's  having 
suffered  from  a  previous  appendicitis  were  carefully  excluded.  Of  these 
seven  cases,  four  occurred  in  females  and  three  in  males ;  and  out  of  the 
seven,  three  were  in  patients  below  the  age  of  22.  We  also  regard  it  as  an 
important  point  to  note,  what  Ribbert  does  not  note  in  his  paper,  the  cause 
of  death  in  these  seven  cases ;  thus : — 
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Cui^e  1. 

Female,  age  17. 

Cause  of  death- 

—Cardiac  disease. 

Cdjie  J. 

Male,        „    20. 

>> 

If             » 

Ca^e  o. 

»>                                >!           ^^• 

>5 

»             >j 

Case  If,. 

Female,    „    40. 

)) 

Bright's  disease. 

Case  .'7. 

Male,        „    45. 

» 

Phthisis. 

CihHP  6. 

Female,    „    58. 

>> 

Malignant  stricture  of 
cBsophagus  (see  fig.  10) 

Ca>te  7. 

M                                   »             1^- 

»> 

)t 

Cardiac  disease. 

These  seven  cases  were  all  submitted  to  an  expert  pathologist,  who 
expressed  the  opinion  that  the  occlusion  was,  in  every  instance,  a  patho- 
logical process — "  an  interstitial  fibrosis,  the  result  of  vascular  obstruction, 
and  possibly  part  of  a  general  arterio-sclerotic  condition." 

In  all  these  cases  of  obliteration  the  mucosa  of  the  appendix  entirely 
disappears,  the  lumen  being  occluded  and  occupied  by  connective  tissue ;  the 
tubular  glands  and  lymphoid  tissue  are  also  entirely  suppressed,  and  the 
changes  generally  are  so  profound  that  it  would  be  impossible  to  recognise 
the  section  as  one  of  an  appendix. 

We  do  not,  therefore,  regard  obliteration  of  an  appendix  free  from  append- 
icitis as  a  physiological  process  of  natural  involution,  as  does  Ribbert,  but  as 
a  purely  pathological  process ;  and  we  do  so  for  the  following  reasons :  — 

1.  Obliteration  is  not  confined  to  the  latter  half  of  life  but  occurs  at  all 
periods,  four  of  our  seven  instances  having  been  from  patients  below  the 
age  of  30. 

2.  A  progressive  examination  of  appendices  from  birth  up  to  the  most 
advanced  periods  of  life  does  not  reveal  any  very  great  increase  in  the 
tendency  to  obliteration. 

3.  The  cause  of  death  in  six  out  of  seven  cases  involved  vascular  changes 
with  concomitant  backward  pressure. 

4.  Pathological  opinion  supports  the  view  that  all  our  series  of  cases  of 
obliteration  are  undoubtedly  pathological  in  character. 

We  regard  this  question  of  obliteration  of  the  appendix — whether 
physiological  or  pathological — as  of  considerable  importance,  because  if  it  is 
physiological  in  character  it  tends  to  strengthen  the  view  that  the  vermiform 
appendix  is  an  organ  in  a  state  of  retrogression,  whilst  if  it  is  pathological 
in  its  origin  then  that  view  falls  to  the  ground  and  the  appendix  takes  its 
place  alongside  any  other  functional  organ  in  the  body. 

For  our  part  we  are  firmly  convinced,  for  reasons  already  adduced,  that 
obliteration  of  the  human  appendix  is  a  pathological  process,  dependent, 
most  frequently,  on  vascular  disorders. 

One  other  important  pathological   condition  falls   tP  be   recorded   in 
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connection  with  the  present  series  of  cases,  namely,  an  undoubted  example 
of  a  foreign  body  in  the  appendix.  It  occurred  in  a  female  aged  17  years, 
and  is  in  all  probability  an  example  of  the  whip- worm  or  the  trichocephalus 
hominis  (see  fig.  11) — a  surmise  which  is  strengthened  by  the  fact  that 
Metschnikoff  in  1901  showed  that  the  tricocephali  can  produce  symptoms 
resembling  those  of  appendicitis,  whilst  in  the  same  year  Girard  actually 
found  the  parasites  in  the  appendix  producing  appendicitis. 

These  facts  in  no  way  invalidate  the  statement  originally  made  by 
one  of  us  that  the  entrance  of  foreign  bodies  into  the  appendix  is 
extremely  rare,  for  there  is  a  great  difference  between  inert  matter  such  as 
shot  and  bristles  and  a  living  organism  like  a  whip-worm.  It  is  most 
improbable  that  inorganic  material  can  pass  from  caecum  to  appendix  in 
anything  like  large  quantities,  and  extremely  likely  that  living  organisms 
like  worms  can  do  so. 

Lastly,  in  framing  our  conclusions  it  must  be  borne  in  mind  that  such 
conclusions  are  not  bsused  solely  on  the  appendix  of  man,  but  on  what  has 
already  been  worked  out  by  one  of  us  for  the  animal  kingdom  in  con- 
junction with  what  we  now  find  in  the  appendix  venniformis  of  man. 
The  conclusions  which  we  draw  from  these  investigations  are  as  follows : — 

1.  Lymphoid  tissue  is  the  characteristic  feature  of  the  true  csBcal  apex 
throughout  the  animal  kingdom,  including  man.  As  the  vertebrate  scale 
is  ascended,  this  tissue  tends  to  be  collected  together  into  a  specially 
differentiated  portion  of  the  intestinal  canal — the  vermiform  appendix. 

2.  The  amount  of  lymphoid  tissue  present  at  the  caftcal  apex  varies, 
most  probably  though  not  certainly,  in  accordance  with  the  varying  diet  of 
the  animal. 

3.  The  vermiform  appendix  of  man  is  not  therefore  either  a  vestigial 
remnant,  or  an  organ  in  a  state  of  retrogression,  but  is  an  actively  func- 
tional lymph  gland.  It  is  no  argument  against  this  view  to  state  that 
because  the  appendix  is  frequently  removed  without  any  apparent  functional 
disturbance  that  it  is  useless,  because  the  same  argument  might  be  adduced 
against  the  stomach,  which  is  occasionally  removed  either  wholly  or  in  part 
and  with  more  or  less  success. 

4.  The  appendix  of  man  is  not  equally  functional  throughout  the  whole 
of  life.  At  birth  it  contains  practically  no  lymphoid  tissue;  within  six 
weeks  it  has  become  a  lymph  gland  and  continues  as  such  during  the  first 
half  of  life,  after  which  it  progressively  declines  in  functional  activity. 
Lymphoid  tissue  is  therefore  a  tissue  of  the  growing  animal. 

5.  Obliteration  of  the  vermiform  appendix  is  a  pathological  process. 

6.  The  functions  of  the  human  appendix  are  the  same  as  those  of  any 
other  collection  of  lymphoid  tissue  in  any  other  part  of  the  body. 


EXPERIMENTAL  CONTRIBUTION  TO  A  THEORY  OF  THINKING. 
By  Henry  J.  Watt,  M.A.,  Ph.D.,  Carnegie  Felloiv}' 

For  this  thesis  a  long  series  of  experiments  was  carried  out.  Several 
huvdred  nouns  of  common  occurrence  were  printed  in  big  type  on  cards 
and  were  shown  to  the  observing  subject  one  at  a  time  by  means  of  an 
automatic  card-changer  (Dr  Ach's).  A  metal  plate,  which  covered  the 
card,  sprang  up,  when  a  string  was  pulled,  and  by  so  doing  closed  an 
electric  current,  which  flowed  through  a  Hipp  chronoscope  and  a  speak- 
ing tube  (Cattell's).  The  chronoscope  therefore  marked  the  time  which 
passed  from  the  appearance  of  the  printed  word  until  the  first  vibrations 
from  the  subject  s  voice  broke  the  current  in  the  speaking  tube.  This 
constituted  the  measure  of  the  duration  of  the  reaction  and  formed,  with 
a  full  account  of  all  the  reproducible  experiences  of  the  observing  subject, 
which  were  at  once  written  down  in  full,  and  any  other  remarks  he  had  to 
make,  the  experimental  data  of  the  thesis. 

In  contrast  to  previous  experiments,  on  association  definite  taslcs 
{Aufgahen)  were  given,  which  the  subject  had  to  accomplish  in  the 
reaction.  These  referred  to  what  the  printed  word  on  the  card  signified, 
and  were  as  follows:  to  classify  it,  to  name  an  example  of  it,  to  name 
a  whole  to  which  it  belonged,  to  name  a  part,  to  name  another  of  the 
same  class  or  another  part  of  the  same  whole.     Each  subject  performed 

*  This  paper,  which  is  to  be  regarded  as  an  abstract  of  a  thesis  entitled,  "Experi- 
raentelle  Beitrage  zu  einer  Theorie  des  Denkens"  (Doctor  Dissertation,  Wiirzburg,  1904, 
Archiv  fur  die  gesamte  Psychologies  vol.  iv.  Leipzig:  Engelmann,  1904.  Pp.  154),  was 
accompanied  by  a  letter  from  the  author  addressed  to  Professor  M*Kendrick,  of  which  the 
following  is  a  paragraph  : — 

"  I  have  made  no  attempt  to  sketch  a  physiological  theory  which  would  give  a  basis  for 
the  psychological  factors  I  distinguish  in  ray  thesis.  It  is  only  just  to  those  who  knoAV 
the  possibilities  of  such  physiological  theories  better  than  I  do,  to  allow  a  clear  account 
of  psychological  analysis  to  tempt  them  to  any  such  undertaking.  In  several  points,  besides, 
as  will  be  evident  to  you,  my  work  goes  rather  to  strengthen  the  hands  of  those  who,  for 
the  present,  want  to  work  out  their  physiological  material  directly  without  any  conclusions 
from  psychological  theory.  The  most  we  psychologists  can  hojje  meanwhile  is,  that  some 
analysis  of  ours  may  suggest  a  new  idea  to  some  physiologist  which  he  might  try  and 
investigate  directly  on  pliysiological  material.  That  would  be  something  to  be  proud  of  ! 
It  will  also  be  good  if  the  impression  gains  ground  that  experimental  psycholog}'^  is  an 
intelligible  and  exact  science  and  not  a  mere  play  with  dreams." 
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the  experiments  separately,  and  every  care  was  taken,  both  in  regard 
to  technical  details  and  to  the  way  the  experiments  were  carried  out, 
that  no  disturbing  factors  should  be  present.  The  most  of  the  work  was 
done  by  four  practised  observers,  and  over  three  thousand  experiments 
were  made  in  all. 

The  following  are  the  results.  In  almost  every  case  the  subject  is 
able  to  accomplish  his  task  correctly.  His  description  of  his  experiences 
shows  that  there  are  in  the  main  three  kinds  of  compleoces  of  e^jyei^ienceji. 
Most  frequently  the  subject  follows  one  line  right  through  the  experiment, 
which  then  leads  to  the  spoken  word.  In  the  other  cases,  he  may  seek 
a  word  which  he  does  not  find,  and  which  he  even  afterwards 
cannot  name,  or  he  may  have  intended  to  say  a  certain  word,  but  for 
some  reason  or  other,  wittingly  or  unwittingly,  have  said  another.  In 
general  the  first  class,  the  simple  reproductions,  take  place  in  a  good 
deal  less  time  than  the  other  two  classes,  the  complex  rejmxlvxiticnis,  of 
which  two  the  second  named  usually  and  naturally  last  longer. 

Within  each  of  these  classes  there  are  three  groups.  In  ih^  first  of  these 
the  spoken  word  follows  directly  on  the  given  optical  stimulus,  sometimes 
after  a  pause  which  can  be  described  in  no  particularly  definite  way,  some- 
times with  the  assurance  of  the  subject  that  between  the  stimulus  and  the 
reaction  nothing  whatever  has  been  experienced.  Such  a  reaction  lasts 
in  general  a  very  short  time,  and  in  the  second  form  a  shorter  time  than 
any  other  kind  of  association  reaction.  In  a  second  and  very  large  class, 
a  v'tsiud  representation  follows  the  stimulus.  Directly  after  that,  or  after 
a  short  pause  or  a  so-called  search,  comes  the  spoken  word.  These  are 
a  good  deal  longer  than  the  first  set,  and  sometimes  longer,  sometimes 
shorter,  among  themselves  according  to  the  detail  and  vividness  of  the 
representation  and  the  frequency  of  occurrence  of  such  reactions  containing 
visual  representations  for  the  particular  subject.  Last  of  all  come  those 
reactions  in  which  a  word-representation y  or  some  experience  which  could 
only  be  described  in  conceptual  terms  and  not  analytically  according  to 
its  psychological  content — call  it  a  thought — ^appeared  between  the  pre- 
sentation of  the  word  and  the  spoken  reaction.  These  were  often  shorter 
than  those  containing  visual  representations  and  sometimes  longer.  It 
is  not,  however,  contended  in  this  classification  that  the  reaction  could 
take  no  other  course.  On  the  contrary,  it  is  easy  to  see  that  we  could 
have  tone,  smell,  taste,  touch  and  other  such  representations  playing  a  part 
in  the  reaction,  provided  the  conditions  of  experiment  produced  them. 
None  of  these  were  clearly  present  among  these  experiments. 

But  what  are  these  conditions  of  experiment!  How  does  any  one 
particular  reaction  come  about  and  not  another  ?     The  first  influence  at 
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work  on  the  subject  is  the  given   task.    This  he  hears  spoken  by  the 
experimenter,  and  generally  repeats  to  himself  in  words,  e.g.  "  find  a  part ! " 

name  an  example ! "  or  he  may  exemplify  the  experiment  to  himself,  e.g. 

animal — dog,"  and  so  on.  The  scanty  description  of  the  preparation  for 
the  experiment  given  in  the  subject's  account  of  it  does  not  help  us  to  form 
a  very  clear  idea  of  what  the  process  itself  is.  It  was  found,  however,  as  a 
series  of  detailed  curves  show,  that  of  all  the  simple  reproductions  the 
percentage  of  occurrence  of  each  of  the  three  above-named  classes  changes 
regularly  and  similarly  with  each  subject  from  one  task  to  another.  This 
leads  to  the  assertion  that  the  task  has  a  regular  influence  on  the  nature  of 
the  experiences  of  each  subject,  which  becomes  particularly  evident  between 
the  two  larger  groups  of  simple  reproductions,  those  containing  visual  repre- 
sentations and  those  containing  nothing  at  all.  The  change  of  task  has  a 
most  decisive  influence  on  the  percentage  of  these  classes,  and  a  subject 
who  has  hardly  a  single  visual  representation  when  the  task  "  classify  "  is 
given,  may  have  them  in  50  per  cent,  of  the  cases  when  the  task  "  find  a 
part "  is  given.  Alongside  this,  a  subject  with  50  per  cent,  visual  repre- 
sentations in  the  first  case,  may  have  90-100  per  cent,  in  the  second. 
Moreover  it  is  found  that  the  duration  of  the  reaction  in  each  of  these 
claases  is  also  on  the  average  dependent  on  the  nature  of  the  task.  So  too 
is  the  duration  of  the  complex  reproductions,  but  the  percentage  occurrence 
of  these,  out  of  all  experiments  made,  is,  curiously  enough,  quite  independent 
of  the  nature  of  the  task,  as  curves  show.  The  attempt  is  made  to  explain 
this  by  a  fairly  probable  consideration.  The  number  of  tendencies  to 
reproduction  which  diverge  from  any  one  stimulus,  must  depend  on  the 
number  of  ideas  with  which  the  stimulus  is  associated.  It  is  impossible 
to  conceive  how  the  task  should  change  these,  as  an  association  must  be 
presupposed  before  the  task  working  with  the  stimulus  could  produce  any 
reaction.  The  occurrence  of  a  complex  reproduction  would  depend  then  on 
the  nature  of  the  stimulus-word  given  and  not  on  that  of  the  task.  The 
influence  of  the  tank  has  therefore  to  be  carefully  differentiated  from  that 
of  the  stimuhts. 

An  analysis  of  the  experiments  worked  with  the  fifth  and  sixth  tasks 
shows  that  an  experience  which  plays  an  important  part  in  producing  or 
leading  to  a  reaction  makes  the  reaction  longer  than  when  the  experience 
only  comes  along  with  the  stimulus  or  the  reaction-word,  that  is,  when  it  is 
only  side-play,  as  it  were. 

States  of  consciousness  tend  to  persist  and  to  return  more  easily  once 
they  have  been  experienced.  It  is  found  that  they  come  VK/i^e  rapidly 
after  the  first  time.  It  is  found,  besides,  that  the  task  also  tends  to  persist, 
for  it  also  often  comes  to  consciousness,  in  the  form  of  a  word-presentation 
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or  the  like,  during  the  course  of  the  experiment.  In  the  great  majority  of 
eases  this  occurs  only  where  some  disturbing  factor  has  been  present,  while 
the  normal  reproduction  runs  its  course  smoothly  from  beginning  to  end,  as 
soon  as  the  regular  preparation  for  the  experiment,  i.e.  the  given  task,  has 
worked  on  the  stimulus  without  any  repetition  during  the  experiment. 
The  re2)etition  of  the  task  is  therefore,  we  suppose,  made  necessary  as  soon 
as  the  task  ceases  to  operate  sufficiently  well.  This  shows  the  exchange 
which  goes  on  between  representations  and  the  task  in  operation.  A 
suitable  representation  may  introduce  the  task,  which  then,  when  it  has 
ceased  to  operate  effectually,  may  come  to  consciousness  in  similar  represen- 
tations. By  means  of  such  exchange  it  is  possible  to  modify,  strengthen, 
restrain,  or  check  the  task  which  is  operating. 

It  has  already  been  shown  in  experimental  work  on  memory  that  the 
rcvpidity  of  a  reproduction  is  dependent  on  the  number  of  times  the 
reproduction  has  occurred.  In  accordance  with  this  it  is  found  that  the 
rapidity  of  such  reproductions  as  those  here  described  is  dependent  to  a 
very  large  degree  on  the  number  of  subjects  who  make  any  particular 
reproduction.  The  dependence  is,  of  course,  not  supposed  to  be  direct, 
but  the  co-ordination  and  the  result  presupposes  that  the  number  of 
subjects  who  make  any  given  reproduction  is  a  fair  sign  of  the  frequency 
of  its  repetition. 

The  result  is  very  distinct  and  the  exceptions  can,  as  a  rule,  be  explained 
by  the  record  the  subject  gave  of  his  experiences  or  by  other  experimental 
data.  Further,  if  the  average  duration  of  each  grade  of  frequency  is 
co-ordinated  with  the  change  in  the  task  for  each  subject,  the  infltience  of 
the  task  on  the  duration  of  the  reaction  in  each  grade  of  frequency  is  seen 
to  be  surprisingly  similar  to  its  influence  in  the  previous  cases.  This  means 
that  the  influence  of  the  task  is  independent  of  the  rapidity  of  the  tendency 
to  reproduction  in  itself,  so  that  the  influence  of  the  stimulus-word  is  for 
the  second  time  differentiated  from  that  of  the  task.  It  is,  then,  probable 
that  the  rapidity  of  a  tendency  to  reproduction  from  one  point  to  another 
in  the  stream  of  succeeding  ideas  is  something  by  itself,  independent  of  the 
influence  of  the  task  operating  at  the  moment.  Whether  the  latter  be  to 
the  increase  of  the  former  in  every  case  remains  to  be  settled. 

It  has  often  been  asserted  that  over  and  above  more  or  less  mechanical 
reproductions,  which  are  often  to  be  found  in  our  mental  experience,  there 
is  a  large  number  of  cases  in  which  the  decision  is  not  uniformly  and  com- 
pletely determined  by  regular  laws,  but  in  which  a  greater  or  less  amount 
of  scope  is  allowed  for  the  usually  indefinite  activity  called  choice  or 
selection  by  the  attention  and  the  like.  But  a  thorough  examination  of 
the  complex  reproductions,  in  which  no  particular  description  was  given  of 
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the  second  tendency  to  reproduction,  produces  a  large  mass  of  evidence, 
partly  from  the  record  of  the  subject  and  partly  from  manifold  combina- 
tions of  the  various  experimental  data,  much  too  detailed  to  be  described,  in 
favour  of  the  reproduction  which  actually  took  place.  This  shows  that,  if 
other  conditions  remain  the  same,  it  is  the  individual  strength  or  rapidity 
of  the  tendency  to  reproduction  which  deterviines  the  reproduction,  and 
not  anything  else.  In  other  words,  the  influence  of  the  task  is  the  same 
for  all  the  reproductions  it  makes  possible.  It  is  not  meant,  of  course,  that 
our  everyday  conception  of  choice  has  no  meaning,  but  only  that  the 
influences  which  determine  every  event  in  our  mental  experience  fall  into 
two  large  groups,  the  operating  task  and  the  individual  strength  of  the 
reproductions  which  come  thereby  in  question.  On  the  one  hand,  the  task 
may  find  no  reproductions,  in  which  case  no  reaction  can  occur ;  and,  on  the 
other  hand,  the  strength  of  the  tendency  to  reproduction  may  be  too  great 
for  the  task  to  operate,  in  which  case  it  forces  its  way  out  in  spite  of  the 
task,  or  before  any  reproduction  which  the  task  favours  has  had  time  to 
become  actual :  in  other  words,  a  wrong  reaction  takes  place.  Otherwise, 
more  or  less  suitable  reactions  occur.  This  is  thought  to  be  valid  for  the 
ivhole  of  our  mental  experience,  because  the  very  few  cases  which  offered 
no  explanation,  contained  no  indication  of  any  other  determining  factors, 
and  are  therefore  to  be  placed  alongside  the  others  with  the  remark  that 
in  these  cases  the  record  of  the  subject  or  the  experimental  data  were 
probably  deficient,  as  can  always  occur  in  such  experiments. 

A  detailed  examination  shows  further  that  the  general  content,  the 
vividness,  and  the  frequency  of  our  visiud  representatianti  is  dependent  on 
the  nature  of  the  task  in  question.  It  is  therefore  probable  that  rather 
hasty  generalisations  have  been  made  of  the  possible  types  of  mental 
imagery.  It  could  very  well  be,  according  to  this  result,  that  a  subject 
who  showed  an  entire  absence  of  visual  representation  with  the  kind  of 
task  which  has  hitherto  been  given  to  determine  the  types  of  mental 
imagery,  would  with  other  tasks  show  quite  a  lively  and  detailed  visual 
imagination.  An  example  of  almost  such  a  case  occurred  among  the 
subjects  used  for  these  experiments.  It  is  probable,  however,  that  one 
who  has  fewer  and  less  vivid  imagery  than  another  with  one  task, 
will  with  another  task  again  have  less  vivid  and  detailed  imagery  than 
the  other. 

The  attempt  to  establish  an  association  by  contract  or  by  similarity  is 
then  discussed,  on  the  basis  of  the  experiments,  and  is  rejected,  because  it  is 
found  to  be  impossible  to  show  that  similarity  as  such  could  determine  an 
association.  Apparent  determinations  of  reproductions  by  similarity  are 
found  to  dissolve  into  more  detailed  reproductions,  which  are  themselves 
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determined  by  the  factors  already  discovered.  There  is  no  reason  to  expect 
that  the  subject  in  his  record  should  be  able  to  give  the  reason  for  any 
reaction,  or  even  always  the  previous  mental  experience  by  which  the 
reproduction  in  question  under  the  operation  of  the  task  was  determined. 

A  detailed  examination  of  the  experiments  with  each  task  by  themselves, 
leads  to  interesting  results  which  tend  to  separate  the  ta«k  as  a  psychological 
factor  still  more  from  the  tendency  to  reproduction  in  itself  and  from  other 
factors.  Interesting  connections  are  shown  between  the  logical  relations 
contained  in  the  tasks  given  and  the  psychological  processes  found  in 
the  experiments,  in  which  the  psychological  simplicity  and  rapidity  of 
happening  are  shown  to  be  sometimes  on  the  side  of  the  logical  simplicity 
and  sometimes  not. 

In  a  lengthy  tiuiriTnat^y  the  results  are  brought  together  under  various 
points  of  view  and  several  theories  formulated. 

After  a  short  summary  of  individual  differenceti,  a  cHtiHsm  of  the 
distinction  betiveen  motor  and  sensoi'y  reaction  is  given.  First  of  all,  the 
facts  are  brought  together  to  show  that  this  distinction  is  a  fairly  good 
description  of  some  differences  between  the  subjects.  The  first  basis  of 
the  distinction  was  the  usual  arithmetical  mean,  but  of  late  it  has  been 
thought  that  the  curve  of  distribution  of  the  reaction-times  gives  a  better 
foundation.  This  curve  is  formed  by  making  a  time  equal  to  the  probable 
error  of  all  time-observations  of  the  series  the  unit  in  the  horizontal,  and 
by  setting  the  number  of  cases  which  occur  at  each  such  unit  on  the 
perpendicular.  If  the  number  of  factors  involved  is  small  and  limited, 
then  this  curve  ought  to  rise  to  one  or  more  symmetrical  points.  This  is 
sometimes  the  case,  especially  in  the  motor  reaction,  according  to  the  latest 
researches.  It  is  evident,  according  to  the  last  two  of  these,  that  the  time 
of  even  the  motor  reaction  can  be  shortened  a  good  deal  with  practice, 
and  the  curves  seem  to  show  points  at  somewhat  regular  periods, — ^these 
periods  being,  however,  liable  to  minimal  displacements  when  the  nature  or 
quantity  of  the  stimulus  is  changed.  It  is  also  indisputably  true,  that  the 
class  to  which  any  experiment  is  to  be  reckoned,  is  not  determined  by  the 
nature  of  the  experiment  after  it  has  been  made,  but  by  the  nature  of  the 
given  preparation,  the  direction  of  the  attention  to  sensory  or  motor 
elements.  Here,  then,  we  have  again  differences  between  what  we  call  the 
task  and  the  mere  tendency  to  reproduction  or  any  physiological  basis  for 
the  latter.  A  motor  reaction  is,  therefore,  merely  the  quickest  and  most 
constant  reaction  possible,  which  constancy  and  rapidity  are  achieved  by 
simple  and  constant  conditions  of  experiment  and  of  task  especially.  The 
long-practised  so-called  natural  reaction y  in  which  the  task  directs  the 
attention  specially  neither  to  the  stimulus  nor  to  the  movement  w^hich  is 
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to  be  carried  out,  also  shows  a  regular  curve  of  distribution.  It  is  evident 
that  in  this  natural  reaction,  too,  the  factors  involved  are  constant  and 
regular.  The  sensory  reagtion,  however,  is  not  nearly  so  liable  to  be 
regular,  and  it  is  supposed  that  this  lies  in  the  greater  complexity  of 
factors,  because  the  curve  of  distribution  contains  not  one,  but  several  high 
points.  This  is  made  probable  by  its  being  shown  that,  in  the  curves  of 
distribution  of  the  experiments  made,  the  average  times  of  most  of  the  big 
classes  of  experiments  found  and  distinguished  on  the  basis  of  the  recoi*ds, 
lie  under  the  larger  rises,  and  vice  versa.  It  is  then  likely  that,  if  the 
conditions  could  be  kept  as  constant  as  they  are  in  the  shortest  possible 
reactions,  the  curves  of  distribution  would  be  quite  as  regular  for  any  set 
of  conditions  whatever.  Peculiarities  in  the  form  of  the  curve  of  distribu- 
tion would  then  be  syinptoTnatic  of  peculiarities  in  the  reactions  or  in  the 
factors  which  bring  about  these,  and  thereby  an  aid  to  discovery.  The 
distinction  between  sensory  and  motor  reactions  is,  therefore,  7iot  physio- 
logical hut  psychological  in  the  prime  instance,  and  is  not  an  exact  distinc- 
tion. It  has  to  be  split  up  into  its  elements,  and  when  this  is  done  nothing 
new  is  found. 

This  result  leads  to  a  more  decisive  way  of  looking  at  those  reactions 
which,  through  frequent  repetition,  are  held  by  many  to  become  unccmscicyiis 
or  Tnechajiical.  It  is  evident  that,  if  reflexes  be  excluded  from  this  class, 
a  task  is  always  necessarily  presupposed  for  the  accomplishment  of  such  a 
reaction.  The  ta«k  may  not  have  been  given  before  each  experiment,  but 
it  must  at  least  have  become  operative.  The  stimulus  is  given  and  the 
reaction  follows  without  any  conscious  links  intervening  whatsoever. 
There  is  no  need  to  appeal  to  the  unconscious  even  when  everything  else 
falls  away  except  the  essentials,  task  and  stimulus. 

The  vietltod  of  subtraction  of  different  sets  of  reactions  from  one  another, 
in  order  to  find  the  duration  of  an  act  of  recognition,  of  distinction,  and  of 
association,  is  subjected  to  a  criticism.  In  order  to  find  the  duration  of 
elementary  acts,  it  is  no  guarantee  to  suppose  that  the  contents  of  all 
experiments  carried  out  with  the  same  task  are  the  same.  First  of  all, 
those  experiments  which  are  really  similarly  composed,  must  be  collected 
with  the  help  of  the  experimental  data  and  the  records.  An  ideally 
complete  reaction,  made  up  of  bits  out  of  many  different  reactions,  is  of  no 
use  for  this  purpose.  The  scheme  which  has  been  the  basis  of  this  method 
of  subtraction  is,  besides,  very  mechanical,  much  too  mechanical  for  any  one 
to  suppose  it  to  be  based  on  data  which  are  true,  or  likely  to  be  found  true 
in  physiology.  But  even  if  the  number  and  nature  of  the  elements  in  an 
experiment  were  experimentally  determined,  it  has  to  be  remembered  that 
it  is  not  yet  settled  how  exactly  the  task  affects  each  element  which  goes 
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to  make  up  the  reaction.  All  this  does  not  make  the  method  impossible, 
but  only  for  a  long  time  purposeless. 

If  association  be  understood  as  the  cause  of  the  known  fact  and 
experience  of  reproduction,  it  may  be  defined  as  that  by  means  of  which 
it  first  becomes  possible  for  one  experience  to  be  reproduced  by  another. 
Other  definitions  are  found  to  rest  on  logical  divisions,  and  to  give  no 
guarantee  of  unity  in  research.  There  can  be  only  one  kind  of  association, 
as  far  as  we  know,  and  on  the  basis  of  the  previous  results  the  later 
experience  is  never  reproduced  by  the  earlier  by  means  of  the  value  of  the 
logical  relations  between  them  but  only  by  the  factors  described  above. 
The  only  conceivable  condition  for  the  origin  of  association  is,  that  the  two 
experiences  shall  have  once  been  together  or  immediately  successive  in 
consciousness. 

It  is  evident  that,  to  form  a  judgment,  the  subject  must  have  at  the 
moment  some  experience,  and,  besides,  some  experience  which  consists  of 
reproductions,  because  an  absolutely  new  experience  and  nothing  else  could 
not  be  held  to  form  a  judgment  by  itself.  An  absolutely  fixed  and  rigid 
system  of  reproductions,  however,  gives  no  judgments,  but  merely  a 
succession  of  experiences  under  the  one  principle  of  association.  Even  the 
subjects  themselves  tend  to  decline  the  responsibility  for  judgments  in 
which  the  reaction  which  constituted  the  judgment  was  determined  by  the 
overwhelming  strength  of  a  tendency  to  reproduction.  The  experimental 
conclusion  drawn  by  Marbe  is  accepted,  that  if  one  confines  oneself  to  the 
experiences  between  the  stimulus  and  the  reaction,  there  is  no  psychological 
criterion  of  the  judgment.  Outside  of  this  limit,  however,  stands  the  task 
which,  even  if  it  is  not  identical  in  the  sense  of  being  always  either  visual 
representation  or  word-representation  or  the  like,  is  yet  functionally 
identical,  and  is  the  one  factor  which  goes  beyond  the  rigidity  which  the 
single  tie  of  association  would  give.  The  operation  of  a  task  makes  the 
reaction  which  is  determined  by  or  in  spite  of  it,  a  judgment  in  reference 
to  this  task.  This  position  must  be  met  before  the  attempt  can  be  made 
to  set  up  hidden  unconscious  or  rare  experiences  as  the  criterion  of  the 
judgment.  It  is  also  evident  that  the  agreement  of  ideas  with  their  objects, 
whether  these  be  themselves  ideas  or  not,  can  never  be  directly  the  aim  in 
view.  Such  agreement,  if  it  exists,  can  be  only  and  merely  the  result  of 
the  operation  of  the  factors  enumerated,  of  which  the  one,  the  task,  may  of 
course  include  the  conception  agreement.  For  how  would  it  be  possible  to 
proceed  to  obtain  such  agreement  psychologically  ? 

A  theory  of  thinking  has,  then,  to  start  from  our  experience  as  we  know 
it.  This  presents  to  us  no  sharply  defined  states  with  beginning  and  end 
like  printed  letters,  but  only  continued  observation  leads  us  to  a  more  and 
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more  detailed  and  exact  description  of  our  experiences.  By  means  of 
experimental  data  we  can  work  ourselves  out  beyond  this  position  and 
formulate  our  factors  more  precisely.  We  decline  to  accept  choice  and 
apperception  or  contrast  and  similarity  as  exact  or  useful  scientific  con- 
ceptions any  further.  The  tendency  to  reproduction  which  realises  itself, 
ceteris  parihiiM,  is  that  one  which,  by  reason  of  more  frequent  actualisation, 
possesses  a  greater  speed  of  reproduction.  The  task,  which  is  no  doubt 
itself  a  wider  and  stronger  tendency  to  reproduction,  has  been  sketched  in 
detail  as  an  operative  force,  and  its  sphere  of  operation  is  doubtless  much 
larger  than  we  have  been  able  to  determine  it  to  be.  Over  against  any 
tendency  to  reproduction,  the  task  can  only  overpower  a  limited  amount  of 
force,  a  circumstance  which  makes  false  reactions  possible.  Any  theory  of 
association  which  operates  only  with  associations  between  two  experiences 
immediately  following  one  another,  is  thus  seen  to  be  insufficient,  though 
this  much  must  be  presupposed  in  any  theory.  Physiology  can,  perhaps, 
not  offer  us  more  than  this  at  present,  but  a  more  exact  definition  of 
psychological  factors  and  their  sphere  of  operation  can  only  be  welcome  to 
physiology,  while  the  prospect  that  physiology  and  psychology  will  one 
day  be  able  to  give  an  account  of  their  material  which  they  will  find  to  be 
much  more  intelligible  to  one  another  than  it  is  now,  is  by  no  means 
excluded.  It  seems  probable  at  present  that  the  variable  factor  is  the 
strength  or  rapidity  of  reproduction  and  Tiot  the  task,  which  is  supposed 
to  favour  in  equal  strength  all  tendencies  to  reproduction  which  come 
under  its  influence.  The  operations  of  these  two  classes  of  factors  on 
one  another,  which  seems  to  be  confined  to  a  small  area  which  contains  at 
least  our  fully  conscious  experiences,  is  what  we  know  as  thinking. 

It  must  not  be  supposed  that  the  picture  of  his  mental  experience  given 
in  a  subject's  record  is  by  any  means  complete.  We  see  from  these  results 
that  besides  mere  suppression  of  parts  of  a  record,  which  is  not  pre- 
supposed, the  subject  may  have  forgotten  something,  or  the  tendencies  to 
reproduction  and  the  tasks  which  would  have  enabled  him  to  give  a  full 
and  accurate  record  may  not  have  been  present,  or,  for  want  of  practice, 
very  poorly  developed.  Even  if  forgetf ulness  is  put  aside,  we  have  there- 
fore no  right  to  suppose  that  what  is  not  in  the  record  was  not  experienced. 
But  granting  this,  what  can  we  say  about  that  part  of  experience  which 
does  not  come  fully  to  consciousness  in  reproductions  and  judgments  ?  A 
mere  mechanical  succession  of  events  in  consciousness  seems  to  us  obviously 
intelligible,  as  soon  as  it  happens  in  fact.  What  we  do  not  understand  is  the 
meaning  contained  in  the  reference  of  one  experience  to  another,  whether 
it  reproduce  or  be  reproduced  by  this  other.  The  reaction  refers  to  the 
stimulus,  and,  under  the  influence  of  the  task,  brings  to  fuller  consciousness 
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something  which  was  latent  in  it,  although,  as  we  have  seen,  no  other  fully 
conscious  elements  need  be  found  either  in  the  record  or  by  experimental 
investigation.  There  are,  besides,  several  elementary  experiences  which 
cannot  be  further  analysed  into  psychological  components,  but  can  only 
be  rendered  by  one  or  many  reproductions.  Such  experiences  are  the 
more  indefinite  conceptual  states  of  consciousness,  what  is  often  called 
feeling  (other  than  pleasure  and  pain).  Such  experiences  may  besides  be 
introduced  by  representations,  for  example,  word-representations,  and  they 
are  then  to  be  exemplified  by  conceptions  and  tasks.  All  this  points  to  an 
insufficiency  of  conficiowimesH  to  give  a  full  knowledge  of  our  subjective 
experience.  The  only  means  we  possess  for  supplementing  this  deficiency,  is 
to  contrive  that  every  part  of  our  consciousness  shall  be  operated  on  by  taaks 
capable  of  bringing  as  much  as  possible  to  full  consciousness  in  reactions  or 
judgments.  At  the  same  time,  this  conception  of  the  insufficiency  of  con- 
sciousness starts  out  from  conscious  experience  and  does  not  necessarily 
imply  notions  like  the  v/naynsciovAi,  which  lie  further  afield  and  are  as  yet 
more  or  less  indefinite  and  unsettled.  The  great  advantage  of  the  experi- 
mevtcd  method  is,  that  it  enables  us,  by  grouping  of  data  and  by  a  more 
exact  knowledge  of  the  elementary  factors  of  experience,  to  overcome  the 
insufficiency  of  our  direct  introspection. 

The  thesis  closes  with  a  critical  discussion  of  general  representations  and 
conceptions. 


ON  SOME  MINOR  MARKINGS  ON  BONES.    By  J.  Ernest  Frazer, 
F.R.C.S.,  Senior  Deinonstrator  of  Avatomy  at  St  Georges  Hospitcd. 

In  endeavouring  to  estimate  the  causes  that  lead  to  the  production  of  ridges 
and  rough  markings  on  bones,  it  is  necessary  first  of  all  to  divide  these  into 
two  main  classes,  which  may,  for  convenience,  be  termed  priviai^y  and 
necoiidciry.  In  the  first  group  may  be  placed  all  "margins"  of  surfaces 
that  are  evidently  due  to  the  architecture  of  the  bone ;  for  instance,  the 
inner  margin  of  the  shaft  of  the  femur,  or  the  anterior  margin  of  the  lower 
half  of  the  shaft  of  the  humerus,  are  plainly  concerned  with  nothing  but 
the  shape  and  mechanical  functions  of  the  bones,  whereas  the  linea  aspera 
or  the  supra-condylar  ridges  of  these  bones  are  as  evidently  connected  with 
the  attachment  of  structures  to  them. 

I  propose  in  this  paper  to  deal  with  the  Hecondai*y  group  of  markings 
only,  and  to  preface  my  remarks  with  the  statement  that  muscular  fibres 
which  reach  the  bone  do  not  leave  any  marking  upon  it  which  can  be  seen 
in  the  dry  state,  from  which  it  follows  that  the  ridges  and  markings  on 
bones  are  caused  by  the  attachment  of  other  (fibrous)  structures,  i.e.  of 
tendons,  ligaments,  aponeuroses,  and  fasciae. 

Another  point  would  be,  that  where  a  muscle  is  said  to  be  "  marked  " 
naturally  on  a  bone,  the  statement  is  necessarily  a  loose  one,  and  probably 
inaccurate,  for  the  "  marking  "  would  be  due  either  to  its  containing  fascia 
or  aponeurosis,  or  to  its  complete  or  partial  tendinous  nature ;  in  the  former 
case  the  true  muscle  marking  would  be  contained  in  the  so-called  "  marking  " 
and  might  not  even  quite  correspond  with  it,  while  in  the  latter  case  the 
true  muscle  marking  would  cover  and  include  the  natural  "  marking." 

The  margins  of  surfaces  of  bones  are  lines  taken  for  descriptive  con- 
venience, and  a  margin  of  this  sort,  may  correspond  only  to  a  priviary 
ridge,  as  in  the  margins  of  the  anterior  aspect  of  the  femur,  or  may  be  only 
indicated  by  a  secondary  line,  as  in  the  outer  margin  of  the  ulna,  or  by  a 
combination  of  the  two,  as  (perhaps)  in  the  linea  aspera  or  the  inner  margin 
of  the  tibia :  the  posterior  edge  of  the  internal  pterygoid  plate  is  perhaps 
an  example  of  Si  primary  margin  with  a  secondary  Eustachian  spine  on  it. 

Articular  processes  are  of  course  primai^y  as  the  trochlea  or  the 
acetabular  margin,  but  may  bear  secmidary  markings,  as  for  the  cotyloid 
ligament  on  the  acetabular  margin. 
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The  amount  of  marking  caused  by  these  fibrous  attachments  seems  to 
vary  more  or  less  with  the  thickness  of  the  structures  concerned,  but  this 
is  not  an  isibsolutely  constant  rule,  and  perhaps  the  connection  may  be  an 
indirect  one, — for  instance,  the  thickness  of  a  structure  might  more  or  less 
vary  with  the  amount  of  strain  it  has  to  undergo,  and  as  the  ridges,  etc., 
are  probably  caused  by  a  slight  spread  of  ossification  into  the  fibrous  tissue, 
those  that  have  a  little  more  ossification  might  be  by  that  means  more 
firmly  attached  and  so  better  able  to  hold  under  greater  strain. 

However  this  may  be,  it  is  a  fact  that  structures  apparently  of  approxi- 
mately the  same  density  and  extent  have  markings  of  widely  different 
accentuation,  and  many  exceedingly  thick  ligaments  have  places  of 
attachment  with  rough  margins  but  smooth  included  surfaces. 

Without  dwelling  further  on  these  general  points — beyond  saying  that 
probably  every  fibrous  structure  that  reaches  a  bone  has  a  corresponding 
marking — 1  will  proceed  to  describe  certain  markings  on  the  bones  of  the 
skeleton  in  some  detail,  but  as  shortly  as  possible,  not  dealing  with  the 
markings  caused  by  capsular  ligaments  unless  it  is  necessary,  and  pointing 
out,  before  commencing  the  description,  that  the  fingers  are  often  of  more 
use  than  the  eyes  in  following  out  lines  and  ridges  on  bones. 

Femur. 

This  bone  does  not  require  a  long  description,  as,  with  the  exception  of 
markings  for  articular  structures,  it  does  not  present  many  lines  calling 
for  detailed  consideration. 

The  linea  aspera  is  possibly  really  a  primary  margin  covered  by  marked 
secondary  ridges :  its  description,  as  composed  of  two  "  lips,"  is  only  accurate 
in  a  general  way,  and,  if  a  series  of  femora  are  examined,  indications  of  the 
component  lines  forming  it  and  corresponding  to  the  various  tendons 
reaching  the  bone  may  be  found  in  many  places.  For  instance,  the  pectineal 
line  may  be  more  or  less  apparent,  and  that  for  the  external  intermuscular 
septum  is  often  clear,  while  that  for  the  adductor  magnus  can  sometimes 
be  traced  for  almost  the  whole  or  part  of  its  extent,  being  thickened  and 
obscured  internally  at  places  that  seem  to  correspond  with  the  insertion  of 
the  other  adductors :  yet,  taken  as  a  whole,  the  region  is  certainly  confused, 
and  its  component  parts  need  only  be  considered  where  they  emerge  from 
the  compound  linea. 

The  external  intermuscular  septum  is  part  of  the  insertion  of  the 
gluteus  maximus,  and  does  not  reach  the  lower  end  of  the  bone.  If  the 
outer  border  of  the  popliteal  surface  is  examined,  there  is  usually  to  be  found 
a  small  elevation  or  tubercle  on  it,  about  a  couple  of  inches  or  so  above  the 


Some  Minor  Markings  on  Bones 


269 


condyle  (A,  fig.  1),  which  marks  the  attachment  of  the  lowest  fibres  of  the 
septum,  and  has  a  depression  just  above  it,  where  a  large  muscular  artery 
pierces  the  septum  to  pass  under  the  vastus  externus. 

This  muscle  does  not  take  origin  lower  than  the  point  of  passage  of  the 
artery,  but  lies  in  front  of  the  septum,  with  which  its  fascia  is  blended,  and 
below  the  position  of  the  tubercle  that  marks  the  end  of  the  septum,  the 
fascia  is  continued  on,  still  attached  to  bone,  but  following  the  margin  of 
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the  muscle,  so  that  a  secondary  line  (B)  is  formed  on  the  bone,  running 
downwards  and  perhaps  a  little  forwards  from  the  front  of  the  lower  end 
of  the  tubercle  :  the  line  is  not  always  apparent,  but  an  indication  of  it  can 
usually  be  found.  Below  the  small  tubercle,  the  margin  of  this  surface  is  a 
rounded  "  primary  "  margin,  but  there  may  be  secondary  markings  on  it :  in 
the  upper  part,  just  below  the  tubercle,  the  marking  may  be  the  fascial  line 
standing  further  back  than  usual,  while  in  the  lower  part,  just  above  the 
condyle,  there  may  be  a  roughness  for  the  attachment  of  a  fibrous  band 
often  found  extending  from  the  bone  to  the  gastrocnemius  and  plantaris, 
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The  bone  from  which  fig.  1  was  drawn  showed  no  sign  of  attachment 
of  this  fibrous  structure,  which  lies  above  the  position  of  the  articular 
vessels  and  may  represent  the  original  attachment  of  the  muscular  fibres 
before  they  shifted  downwards  on  to  the  capsule :  where  the  roughness  is 
present,  there  is  usually  a  smooth  surface  below  it  for  the  articular  vessels. 

The  inner  head  of  the  gastrocnemius  has  a  much  more  extensive  bony 
origin,  and  leads  in  consequence  to  a  well-marked  roughness  along  the 
inner  margin  of  the  surface,  which  has  the  marking  for  the  adductor 
magnus  lying  to  its  inner  side,  sometimes  altogether  in  front  of  the  pro- 
minent '  margin  *  itself.  This  adductor  line,  leading  to  the  adductor  tubercle, 
shows  intensity  of  marking  corresponding  to  the  nature  of  the  structures 
attached  to  it :  in  its  upper  part,  in  the  neighbourhood  of  the  opening,  it  is 
badly  marked,  as  it  is  only  a  thin  muscle-fascia  that  reaches  the  bone  here, 
but  a  little  lower  down  it  becomes  a  definite  line  once  more,  indicating  the 
insertion  of  the  aponeurotic  expansion  from  the  tendon  of  the  posterior 
part  of  the  muscle. 

The  other  markings  on  this  bone  do  not  call  for  detailed  examination, 
as  they  are  evident  and  simple.  I  would  like,  however,  to  call  attention 
here  to  the  smoothness  of  the  back  aspect  of  the  neck  of  the  bone  compared 
with  the  front,  for  the  difference  seems  to  me  to  depend  on  the  presence  of 
recurrent  fibres  from  the  front  part  of  the  capsule  and  their  absence  be- 
hind: as  they  are  derived  from  transverse  fibres,  and  as  these  are  not 
present  posteriorly,  their  absence  behind  is  accounted  for,  and  this  ex- 
planation also  accounts  for  the  absence  of  a  posterior  marking  corre- 
sponding to  the  intertrochanteric  line  in  front. 

Tibia  and  Fibula. 

The  anterior  margin  of  the  tibia,  for  the  attachment  of  the  deep  fascial 
aponeurosis,  can  be  traced  downwards  as  a  faint  but  ea»sily  felt  line  to  the 
inner  part  of  the  front  of  the  malleolus.  Here  it  is  rather  better  marked, 
giving  attachment  to  the  upper  fibres  of  the  annular  ligament,  and  lying 
about  J-|  inch  inside  the  inner  margin  of  the  tendon  of  tibialis  anticus. 

In  its  upper  part  the  margin  has  the  tubercle,  but  before  reaching  this 
the  line  of  aponeurotic  insertion  goes  a  little  outwards,  passing  up  to  the 
outer  side  of  the  tubercle,  and  so  reaching  the  upper  part  of  the  bone  a  little 
distance  outside  and  behind  the  capsular  attachment  (fig.  2).  The  line 
turns  backwards  here  and  divides  into  two  more  or  less  well-marked  ridges, 
which  are  lost  in  the  neighbourhood  of  the  fibular  facet,  so  enclosing  a 
surface  for  fibres  of  the  extensor  longu^  digitomiin  and  peroiieua  longuSy 
which  come  off  the  tibio-fibular  ligaments  on  to  this  part  of  the  tibia ;  this 
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enclosed  space  is  subdivided  by  a  vertical  ridge  (E)  into  two,  the  anterior 
triangular  surface  being  for  the  former  muscle. 

The  peroneus  longua  extends  from  the  head  of  the  iibula  on  to  the  liga- 
ments (including  the  external  lateral  ligament  which  lies  just  behind  ita  tibial 
surface),  and  so  on  to  the  tibia  in  front,  and  it  is  here  covered  by  a  forward 
expansion  from  the  biceps  tendon  which  blends  with  the  fascia  covering 
the  muscle.  It  is  therefore  evident  that  the  upper  line  A  B  marks  the 
insertion  of  the  deep  fascia  and  the  biceps  expansion,  and  is  lost  behind  in 
the  roughnesses  for  attachment  of  the  upper  anterior  tibio-fibular  ligaments. 


In  the  same  way  the  line  E  corresponds  with  the  septum  between  the 
peroneus  and  long  extensor  {anterior  peroneal  septum)  and  meets  the 
ligaments  below,  as  they  are  attached  to  D,  and  to  a  ridge  leading  down 
from  the  junction  of  D  and  E ;  the  line  C,  for  the  septum  between  tibialis 
anticus  and  extensor  longus,  leads  to  the  same  point,  as  the  septum  in  its 
upper  part  is  attached  to  the  fibula  and  so  on  the  ligaments  to  the  tibia. 

Below  the  fibular  facet  the  roughnesses  for  ligaments  are  very  badly 
marked  and  hard  to  distinguish,  if  tliey  are  present,  from  those  due  to  the 
upper  fibres  of  the  interosseous  membrane,  if  these  are  present.  The 
lower  ligaments  of  this  joint  are  variable,  but  as  a  rule  slight,  and  the 
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membrane  usually  becomes  fascial  here,  which  facts  may  account  for  the 
varieties ;  the  membrane  has  also  a  peculiar  disposition  on  the  fibula  here, 
which  will  be  described  later. 

The  interosseous  ridge  on  the  tibia  varies  very  much  in  position  in  its 
upper  part ;  the  two  figures  (figs.  2  and  3)  show  a  marked  difference  in  this 
feature,  for  in  the  first  the  line  is  much  further  from  the  tubercle  than  in 
the  second,  giving  in  the  latter  a  much  more  extensive  tibial  origin  for  the 
tibicdis  poHticus,  and  correspondingly  less  for  the  tibialis  anticus.     In  the 


Fig.  3. 


former  case  also  there  appears  to  have  been  a  definite  membranous  attach- 
ment leading  up  to  the  lower  ligaments,  whereas  in  the  second  case  the  ridge 
shows  a  backward  turn  and  is  then  lost ;  as  a  matter  of  fact,  in  this  case  the 
upper  part  of  the  interosseous  space  was  filled  with  fatty  and  areolar  tissue, 
and  only  a  thin  fascial  connection  could  with  diflSculty  be  demonstrated 
over  the  top  of  the  posterior  tibialis  between  its  covering  aponeurosis  and 
the  membrane. 

The  little  rough  tuberculated  spot  marked  F  in  fig.  2  is  probably  due 
to  the  former  attachment  of  fibres  from  the  included  tendon  of  the  tibialis 
postictis  blending  with  or  lying  on  the  posterior  surface  of  the  interosseous 
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membrane ;  I  have  found  such  bands  attached  to  auch  roughnesses  in  other 
specimens. 

The  front  and  inner  aspects  of  the  upper  end  of  the  fibula  have 
corresponding  markings  (fig.  4). 

The  "  interosaeouH  border "  is  continued  up  to  the  inner  part  of  the 
front  aspect  of  the  expanded  "  head,"  and,  as  it  reaches  it,  it  divides  into 


two,  D  and  E,  the  former  tor  the  ex  tensor- tibial  septum  and  the  latter  for 
the  anterior  peroneal  septum,  a  slight  groove  usually  sepai'ating  the  two 
lines  and  giving  origin  to  extensor  fibres.  The  two  septa  pass  from  tlie 
head  of  the  bone  on  to  the  ligaments,  the  anterior  and  upper  fibres  of  wliich 
are  attached  in  the  situation  of  the  dotted  line  F. 

The  anterior  tibial  artery  runs  forwards  and  downwards  next  to  the 
fibula,  rather  above  and  not  so  obliquely  as  the  oblique  line  generally  seen 
on  the  inner  aspect  of  the  bone  in  this  situation ;  the  figure  (fig.  5)  shows 
the  artery  Ij'ing  in  position,  A   marking  the  oblique   line.     This   line  or 
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ridge  is  usually  very  apparent,  and  runs  upwards  and  backwards  from  the 
top  of  the  most  marked  part  of  the  interosseous  ridge  towards  the  rough 
surface  B. 

The  interosseous  membrane  is  attached  to  the  "  interosseous  ridge  "  in 
the  interrupted  line  C,  passing  thence  to  the  oblique  ridge,  and  so  is 
inserted  into  the  bone  below  and  behind  the  artery ;  but  some  fibres  pass 
over  the  artery,  and  seem  to  be  attached  to  the  bone  more  or  less  in  the 
continuation  of  the  "  interosseous  ridge  "  upwards  (as  shown  by  the  dotted 
line),  but  in  reality  they  turn  backwards,  lying  on  the  bone,  between  it  and 
the  upper  fibres  of  the  tibialis  posticus,  and  are  attached  to  the  rough 
surface  at  B. 

Ligamentous  markings  on  the  inner  side  of  the  bone  are  feeble,  as  on 
the  tibia. 

Outside  E  the  bone  is  covered  by  peroneus  longus,  which  is  muscular 
and  so  causes  no  markings. 

The  extensor-tibial  septum,  traced  down,  seems  usually  to  run  on  to  the 
membrane  above  the  place  where  the  artery  appears  in  front,  so  that  the 
vessel  is  covered  by  the  fibres  of  the  extensor  and  passes  under  an  arch  in  the 
septum,  on  the  membrane,  to  get  into  its  position  internal  to  the  muscle. 

The  anterior  tibial  nerve  comes  through  the  anterior  peroneal  septum 
lower  down,  and  often  causes  a  depression  in  the  marking,  but  fibres  go 
under  the  nerve,  and  so  the  depression  may  not  be  present,  but  the  line 
for  the  septum  is  generally  more  marked  below  the  position  of  the  nerve 
foramen. 

The  diagram  (fig.  6)  is  intended  to  give  an  idea  of  what  seems  to  me 
to  be  the  plan  of  arrangement  of  attachments  in  this  locality;  the  bone 
is  supposed  to  be  seen  from  the  inner  side  and  somewhat  in  front.  A 
is  the  extensor-tibial  line  joining  the  upper  fibres  (C)  of  the  interosseous 
membrane  just  above  the  point  of  passage  of  the  artery.  D  is  the  line 
of  fibres  of  membrane  just  below  the  artery,  and  E  the  line  common  to 
the  membrane  and  the  septum.  B  is  the  anterior  peroneal  line,  showing 
a  depression  at  X  for  the  anterior  tibial  nerve. 

On  the  inner  side  of  the  tibia,  just  in  front  of  the  inner  margin,  is  the 
marking  for  the  internal  lateral  ligament,  and,  occasionally,  an  indistinct 
marking  round  this  for  the  tendons  of  sartorius,  etc.  Very  frequently  it  does 
not  seem  to  be  possible  to  trace  the  markings  of  these  tendons  (though  they 
can  sometimes  be  felt,  if  not  seen),  and  they  are  a  good  example  of  the 
absence  of  direct  relation  between  the  accentuation  of  markings  and  the 
size  and  strength  of  the  structures  causing  them.  The  feebleness  of  the 
marking  may  in  this  case  perhaps  be  connected  with  the  direction  of  the 
tendons   as  they  reach  the  bone,  enabling  them  to  get  an  extensive  and 
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powerful  hold  on  the  periosteum,  without|ten(iing  to  pull  it  from  the  bone 
and  so  calling  for  a  stronger  attachment. 

The   posterior  tibio-fibular   region   shows   simple   lines   related  to  the 
fibrous  attachments.      The   most  complex   is   the   "oblique   line"  on  the 
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tibia,  from  which  the  soleus  is  said  to  arise.  The  composition  of  this  line 
is  perhaps  best  explained  by  reference  to  the  diagram  (fig.  7).  The  line  A 
represents  the  attachment  of  the  (Uep  trans rerse  fascia  and  deep  aponeu- 
rotic fibres  of  the  soleus ;  ^  as  it  passes  upwards  it  meets  the  line  of  attach- 

*  I  have  found  it  hard  in  most  cases  to  distinguisli  between  these  structures  in  this 
part  of  the  leg ;  they  are  blended,  and  the  separation  from  the  point  of  view  of  this  paper 
IS  not  of  importance,  so  I  shall  use  the  term  "  deep  transverse  fascia  "  as  including  the  other 
fibres  where  these  are  present. 
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ment  (B)  of  the  aponeurosis  covering  tibialis  posticus,  and  the  two  layers 
blending  slightly  are  continued  up  in  the  region  of  C. 

B  ultimately  tends  to  blend  with  the  interosseous  membrane  which  is 
attached  to  X,  but  as  this  blending  is  usually  a  thin  fascial  one,  there  is 
no  marking  on  the  bone. 

The  interrupted  line  D  represents  the  insertion  of  the  lower  expansion 
from  the  semimembranosus,  which  does  not  extend  so  far  outwards  as  the 
line  of  the  popliteal  vessels;  its  lower  innermost  fibres  blend  with  the  internal 
lateral  ligament  at,  and  just  above,  its  insertion,  while  above  this  they  reach 
the  inner  margin  of  the  bone  and  still  higher  lie,  with  their  tendon  of  origin 
and  just  below  it,  under  cover  of  the  ligament,  a  bursa  interposing. 

So  "  the  oblique  line  "  really  consists  of  three  or  more  parts,  but,  although 
this  plan  seems  to  me  to  represent  the  underlying  arrangement,  as  it  were, 
there  are  several  matters  of  fact  to  be  borne  in  mind  in  interpreting  the 
value  of  the  line  as  usually  found ;  in  the  first  place,  the  expansion  consists 
largely  of  separate  tendinous  bands,  producing  a  tuberculated  appearance 
on  the  bone,  and  the  same  may  be  said  of  parts  of  the  "  transverse  fascia." 
Moreover,  the  expansion  frequently  is  continuous  at  one  or  more  points 
with  the  fascia,  and  there  is  usually  some  interlacement  of  the  fibres,  or  the 
expansion  may  continue  under  the  fascia  to  run  into  the  flexor  longus 
digitorum.  The  upper  fibres  of  the  "  transverse  fascia,"  which  run  down  to 
loop  over  the  vessels,  etc.,  are  usually  placed  in  bands,  and  this  part  of  the 
line  in  consequence  not  infrequently  is  markedly  tuberculated. 

As  a  result  of  these  factors  the  appearance  of  the  line  varies  much,  and 
its  want  of  definition  is  increased  by  the  fact  that  the  lower  and  deep  fibres 
of  the  popliteus  may  be  tendinous  in  parts,  and  so  lead  to  a  bony  roughneas 
above  the  situation  of  the  line  proper ;  it  is  also  apparent  that,  under  these 
conditions,  the  direct  origin  of  the  soleus  from  the  bone  is  improbable  and 
often  impossible,  except  by  means  of  the  "  transverse  fascia " ;  in  fact  I 
have  dissected  a  leg  in  which  the  soleus  got  no  origin  at  all  from  this  part 
of  the  bone,  as  the  expansion  ran  under  an  arch  of  the  deep  "  transverse 
fascia  "  to  be  directly  continuous  with  the  covering  of  the  long  flexor. 

In  this  specimen,  when  the  soft  parts  and  periosteum  were  removed,  the 
line  was  found  to  be  apparently  formed  as  in  the  diagram  (fig.  8).  A  was  a 
single  line  formed  by  insertion  of  deep  fibres  of  the  semimembranosus  expan- 
sion ;  only  the  superficial  ones  were  continued  over  the  flexor  longus  digi- 
torum. C  is  the  ordinary  "  vertical  line,"  and  in  its  upper  part,  where  it  forms 
part  of  the  oblique  line,  it  seemed  to  be  reinforced  by  another  line  B,  caused 
by  the  upper  fibres  of  the  "  transverse  fascia  " ;  the  lower  fibres  of  this  fascia 
formed  a  ridge  again  at  D,  the  interval  between  representing  the  position 
of  the  arch  passing  over  the  downward  continuation  of  the  expansion. 
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The  figure  represents  in  a  diagrammatic  form  what  seemed  to  me  to  be 
the  distinct  result  of  carefully  tracing  the  lines  and  attachments. 

The  covering  aponeurosis  of  tibialis  posticus  ends  below,  at  the  end  of  the 
line,  by  becoming  directly  continuous  with  the  fascial  sheath  of  the  tendon  5 
so  there  is  no  line  on  the  tibia.  The  coiTesponding  line  on  the  fibula  runs 
into  the  interoaseous  ridge,  showing  the  junction  of  the  aponeurosis  with 
the  membrane  below  and  outside  the  muscle.  The  bony  origin  of  the  muscle 
is   thus   marked   out   with   great   accuracy   by  the  lines   of   its   covering 


Fic.  8. 


Fkj.  9. 


aponeurosis,  but  there  are  additional  markings  on  the  included  surfaces; 
the  best  known  of  these  is  the  oblique  line  on  the  fibula  running  downwards 
and  forwards  and  not  always  present.  This  seems  to  be  caused  by  the 
origin  of  a  tendinous  septum  in  the  muscle ;  and  other  slighter  markings, 
owning  the  same  causation,  ma}^  be  found  on  both  bones. 

The  upper  oblique  line  running  downwards  and  forwards  has  already 
been  described,  and  is  one  of  the  limits  of  the  muscle  origin. 


Foot. 

The  lines  traced   downwards   on   the  two  bones  are  very  simple;  the 
ridge  for  the  transverse  fascia  and  the  deep  favscia  of  the  leg  runs  down  the 
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inner  border  of  the  bone  below  the  origin  of  soleus  (with  rarely  a  depression 
for  a  communicating  vein),  and  so  reaches  the  inner  border  of  the  malleolus, 
where  it  is  better  marked  as  the  fibres  thicken  for  the  annular  ligament. 
From  this  point  it  is  continued  across  the  lateral  ligament,  with  which  the 
annular  fibres  blend,  to  the  tuberosity  of  the  scaphoid,  turns  down  along 
the  front  of  this  and,  blending  with  the  lower  fibres  of  the  Y-shaped 
anterior  ligament,  these .  two  layers  are  inserted  in  a  common  line  going 
under  the  inner  part  of  the  inner  cuneiform  and  so  to  the  lower  border  of 
the  first  metatarsal. 


Fig.  10. 

The  two  figures  of  the  foot  show  the  position  of  the  lines  of  attachment 
of  the  fasciae;  it  will  be  noticed  that  whereas  the  line  just  dealt  with  is 
continued  over  the  ligaments  of  the  ankle,  the  others  are  interrupted  her?, 
a  method  adopted  to  call  attention  to  the  fact  that  in  the  former  case  the 
fibres  of  the  annular  ligament  lie  on  and  blend  with  the  lateral  ligament* 
but  in  the  latter  there  is  a  tendency  for  the  line  to  be  broken  and  incom- 
plete, the  resulting  openings  being  filled  with  fatty  tissue  continuous  on 
the  one  hand  with  that  under  the  lining  synovial  sheaths,  and  on  the  other 
with  that  outside  the  fasciae.  The  same  tendency  is  exhibited  when  the 
lines  cross  the  smaller  ligaments. 
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The  outer  line  of  the  transverse  fascia  in  the  leg  corresponds  with  that 
of  the  peroneo-flexor  (posterior  peroneal)  septum,  and  tlie  two  may  run 
tc^ther  to  the  lower  end  of  the  outer  malleolus,  but  occasionally  the  line 


divides,  giving  an  appearance  as  in  fig.  9.  or  in  some  cases  the  two  lines  may 
separate  higher  and  be  more  divergent.  When  there  are  two  lines,  the 
inner  septum  is  pierced  by  the  peroneal  artery,  as  shown  in  the  figuie,  and 
there  may  be  a  corresponding  depression  in  the  line. 

Below  the  fibula  the  septa  cross  to  the  os  calcis,  generally  without  at- 
tachment to  the  astragalus. 
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In  fig.  10,  seen  from  the  inner  side  with  the  ligaments  indicated,  the  line 
A  is  that  of  the  annular  ligament  (transverse  fascia)  and  B  that  of  its  inner 
attacliment.  The  former  line  runs  to  the  leaser  plantar  ligament,  where  the 
attached  structure  becomes  continuous  with  the  fascia  covering  the  flexor 
accessorius,  and  so  with  the  free  sheath  of  the  flexor  tendons ;  the  posterior 
marking  of  this  head  of  the  accessorius  is  usually  to  be  found  on  the  bone, 
as  here  the  covering  membrane  is  strong,  giving  origin  to  fibres  of  the 
abductor  hallucis,  so  leading  them  from  the  inner  tubercle  to  the  annular 
ligament  and  even  to  the  scaphoid  and  inner  cuneiform. 

The  synovial  lining  of  the  tendon  of  flexor  longus  hallucis  does  not  extend 
on  the  bone  as  far  as  the  fascial  covering,  but  corresponds  to  the  dotted  line  a. 

Fig.  11  shows  the  outer  side  of  the  foot  witliout  ligaments;  line  A  is 
that  of  the  posterior  peroneal  septum,  and  B  that  of  the  anterior.  A  is 
some  little  distance  from  the  synovial  reflection  (a)  on  the  os  calcis,  and 
runs  down  to  the  calcaneo-cuboid  ligaments ;  X  shows  the  place  where  the 
fascial  covering  attached  to  A  blends  with  the  deep  aspect  of  the  plantar 
fascia  and  outer  structures  of  the  sole. 

The  line  C  is  that  of  the  outer  extensor  fascia ;  at  the  ankle  joint  it  is 
incomplete,  but  below  this  is  continuous  through  the  Y  ligament  with  the 
fascia  covering  the  short  extensor  muscle.  The  attachments  of  the  liga- 
ment here  need  not  be  described.^ 

The  continuation  of  the  line  on  the  tarsus  can  be  taken  along  the  outer 
margin  of  the  extensory  brevis,  that  is,  on  the  upper  part  of  the  outer  side 
of  the  OS  calcis  in  front,  in  the  line  c,  from  thence  to  the  cuboid,  where  (d) 
it  curves  downwards  along  the  margin  of  the  tendon  (D)  of  the  peroneus 
tertius,  blending  with  this  tendon  to  and  round  its  insertion,  and  continued 
in  front  of  it  along  the  upper  margin  of  the  outer  metatarsal. 

Below  the  fibula  the  line  B  is  incomplete  over  the  ligament,  then  runs 
with  the  extensor  fascia  on  the  os  calcis,  blending  with  the  tendon  of 
peroneus  brevis  over  the  cuboid,  so  that  the  synovial  sheath  of  this  tendon 
does  not  come  further  than  the  os  calcis. 

The  short  line  E  marks  the  position  of  the  septum  between  the  two 
peroneal  tendons ;  this  is  apparently  formed  by  synovial  reflection  usually 
near  its  free  end,  so  that  there  is  frequently  no  corresponding  ridge  on  tlie 
OS  calcis,  but  where  it  crosses  the  cuboid  it  is  a  definite  and  marked  septum. 

The  remaining  figures  (12,  13,  14,  and  15)  show  the  lines  on  the  bones 
of  the  left  foot. 

The  outer  side  of  the  os  calcis  shows  A,  the  line  of  the  fascia  limiting  the 

*  An  excellent  though  incidental  account  of  this  ligament  is  given  by  Barclay  Smith  in 
his  account  of  the  astragalo-calcaneo-navicular  joint  (tiiis  Journal,  1894).  The  superficial 
limb  has  a  definite  marking  on  the  bone,  and  is  tlie  one  concerned  in  the  present  instance. 
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outer  side  of  the  short  extensor,  continuoua  with  B,  the  marking  for  the 
ligamentum  fundiforme;  C  ia  the  line  of  lateral  ligamentous  fibres,  and  D 
that  of  the  posterior  peroneal  septum  ;  E  is  the  position  of  the  inter- 
peroneal  ridge  when  present.  On  the  inner  side  of  the  os  caleis  A  is  the 
annular  ligament  and  B  the  posterior  attachment  of  the  fascia  covering 
the  accessory  flexor ;  C  is  the  line  of  the  inter-flexor  septum  of  the  annular 
ligament,  running  in  front  into  D,  the  line  of  lateral  ligament.     Posteriorly 


no  line  continuous  with  C  or  A  is  generally  found  on  the  astragalus,  but  D 
ia  well  represented. 

The  shaded  area  is  ligamentous. 

The  scaphoid  shows  ligament  lines  A  and  B,  and  fascial  lines  C  and  D : 
the  last  ia  interrupted,  as  it  may  join  C  further  back. 

The  cuboid,  besides  ligament  lines,  has  a  ridge  A  for  the  extensor  fascia 
and  B  for  the  inter-peroneal  septum :  the  area  X  is  rough  for  attachment  of 
fibres  of  the  peroneus  brevis. 


ON  THE  PRESENCE  OF  ELASTIC  FIBRES  IN  THE  CORNEA 
By  J.  Hamilton  M'Ilroy,  M.A.,  B.Sc,  M.B.,  Carnegie  Research 
Scholar,  Glusgoiv.     (Plates  XXV.,  XXVI.) 

The  present  piece  of  work  was  undertaken  with  the  view  of  demonstrating 
the  development  of  the  cornea  in  its  relation  to  cutaneous  structures,  in  order 
that  some  light  might  be  thrown  on  the  pathology  of  the  corneal  tissue. 

The  subject  has  been  treated  from  a  comparative  point  of  view,  and 
therefore,  in  addition  to  the  human  being,  the  cornese  of  lower  animals, 
when  possible,  were  examined,  developmentally  and  otherwise. 

I  must  gratefully  acknowledge  my  indebtedness  to  Dr  A.  Maitland 
Ramsay  for  his  kind  supervision  in  this  work,  and  for  giving  me  free 
access  to  all  the  material  of  the  pathologiqal  laboratory  of  the  Ophthalmic 
Institution. 

The  exact  condition  of  matters  in  the  development  of  the  human 
cornea  has  always  been  much  disputed.  In  the  lower  animals,  where 
the  chance  of  obtaining  a  continuous  series  of  sections  is  much  more 
favourable,  a  great  deal  of  work  has  been  done,  and  for  many  species 
there  is  a  fairly  complete  description  of  the  development;  but  in  the 
human  species,  where  the  possibility  of  obtaining  examples  of  all  the 
different  stages  in  early  foetal  life  is  much  more  scanty,  one  can  understand 
that  great  difficulty  has  been  found  in  making  a  dogmatic  statement  as  to 
what  actually  occurs.  In  the  case  of  several  very  young  human  foetuses 
which  I  obtained  for  examination,  although  fixed  with  all  promptitude, 
yet,  when  looked  at  microscopically,  they  were  found  to  be  slightly 
disorganised  and  therefore  of  little  use  for  cellular  investigation.  In  some 
cases  I  imagine  that  the  disorganisation  was  due  to  the  condition  which 
gave  rise  to  abortion,  and  that  the  fcetus  was  born  after  death  had  taken 
place.  I  had  examples  of  foetuses  from  six  weeks  onwards,  with  some  in 
the  middle  term  of  pregnancy  and  some  in  the  later  months. 

Of  the  examples  of  the  lower  animals,  those  that  gave  me  best  results 
were  those  of  the  foal  and  calf. 

Development  of  the  Eye. 

The  adult  cornea  consists  externally  of  a  layer  of  epithelium  which  is 
a  derivative   of   the   epiblast,   directly  continuous   with   the   conjunctiva. 
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and  somewhat  modified  for  the  refraction  of  light.  Little  doubt  exists  as 
to  the  origin  of  this  layer ;  but  when  it  comes  to  the  corneal  tissue  proper 
— the  substantia  propria — we  are  on  disputed  ground. 

A  ring-shaped  space  is  formed  between  the  epithelium  and  its  derived 
primitive  lens  follicle,  and  into  this  there  passes  a  process  of  mesoblast. 
This  is  at  first  a  structureless  layer,  and  extends  right  across  the  front 
of  the  lens.  According  to  some  authorities,  this  homogeneous  layer  is  of 
the  nature  of  an  exudation  from  the  corneal  epithelium,  and  therefore 
epiblastic.  It  gradually  becomes  invaded  by  the  corneal  corpuscles,  which 
are  of  connective-tissue  origin  and  are  mesoblastic.  At  the  same  time 
a  layer  of  endothelioid  cells  advances  on  the  inner  aspect  of  this  corneal 
layer,  and  they  constitute  the  endothelial  layer  of  Descemet's  membrane. 
The  cornea  grows  in  thickness  through  the  acquisition  of  these  invading 
connective-tissue  cells,  and  gradually  it  becomes  more  compressed,  and 
changes  from  a  rather  loosely  knit  structure  to  a  finely  striated  fibrous 
structure.  The  compression  takes  place  from  behind  forwards,  so  that 
the  posterior  layers  are  more  closely  packed  at  first  than  the  anterior. 
Fig.  14,  PI.  XXVI.,  shows  this  in  a  foetus  about  the  fifth  month. 

The  original  homogeneous  layer,  in  front,  persists  as  Bowman's  mem- 
brane, or  "  anterior  elastic  lamina."  This  is  not  a  proper  designation,  since 
the  membrane  does  not  stain  deeply  by  stains  that  pick  out  elastic  tissue. 
It  is  thicker  at  the  periphery  than  centrally,  and  increases  in  thickness  with 
advance  of  life.     It  is  easily  seen  by  the  sixth  month. 

There  is  a  "  posterior  elastic  lamina "  or  membrane  of  Descemet  which, 
according  to  some,  is  the  remnant  of  the  original  structureless,  layer 
posteriorly ;  according  to  others  it  arises  as  an  exudation  from  the  endo- 
thelium covering  it  posteriorly.  It  is  stained  by  elastic  tissue  stains,  and 
decreases  in  thickness  with  age.  The  endothelium  covering  it  is  mesoblastic 
and  is  continuous  with  that  of  the  ligamentum  pectinatum  iridis  and 
the  iris. 

In  early  foetal  life  there  is  no  aqueous  chamber,  and  the  lens  remains 
closely  applied  to  the  cornea.  It  is  not  till  nearly  full  time  that  the  anterior 
chamber  becomes  dilated  with  fluid  (fig.  10,  PI.  XXV.) 

f 

Analogy  of  the  Cornea  in  Structure  to  the  Skin. 

The  analogy  of  the  cornea  to  the  skin,  both  in  development  and  adult 
structure,  opens  up  a  field  whereby  the  relations  of  pathological  conditions 
in  each  might  be  compared,  and  it  was  with  this  in  view  that  I  began  my 
investigation. 

The  development,  structure,  and  pathology  of  the  skin  have  received 
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much  attention,  and  are  well  established.  But  I  very  soon  found  that, 
considering  the  scope  of  the  work,  the  material  I  could  command  for 
developmental  research  was  too  unsatisfactory  to  be  of  general  use,  and  I 
confined  my  attention  in  the  meantime  to  the  one  point  of  analogy,  namely, 
the  presence  or  absence  of  elastic  fibres  in  the  cornea. 

The  presence  of  elastic  fibres  in  the  substantia  propria  has  been  the 
subject  of  much  difference  of  opinion.  That  they  do  occur  in  the  human 
cornea  has  been  affirmed  by  several,  notably  Kiribuchi,  Prokopenko,  and 
Tartuferi.     Their  presence  has  been  denied  by  Stutzer  and  Sattler. 

Kiribuchi  showed  fine  fibrils  by  the  resorcin-fuchsin  method,  and  this 
was  confirmed  by  Prokopenko  by  the  acid-orcein  method.  It  is  generally 
accepted  that  they  occur  in  the  cornea  of  the  calf.  In  the  skin  they  occur 
widely  distributed  throughout  the  corium  and  subcutaneous  tissue,  in  which 
they  form  a  scaffolding  or  supporting  structure.  The  fibres  may  be  of  a 
very  fine  nature,  or  may  be  of  considerable  thickness.  In  the  skin  they  are 
said  to  vary  from  fibrils  of  very  great  delicacy  to  fibres  of  11/x  in  breadth. 
They  branch  and  anastomose  in  an  irregular  way.  They  have  ends  which 
are  clean  cut  across  and  often  curl  up.  In  the  skin  their  chief  function 
seems  to  be  that  of  supporting  the  various  structures  rather  than  of  giving 
elasticity. 

Elastic  fibres  resist  the  action  of  weak  acids,  and  the  other  structures  do 
not,  so  that  the  fibres  are  differentiated  by  prolonged  use  of  weak  acids,  or 
it  may  be  a  short  exposure  to  the  action  of  strong  acids. 

With  regard  to  the  development  of  these  fibres  there  has  been  much 
dispute.  According  to  some,  they  are  produced  by  the  activity  of  certain 
embryonic  cells.  Others  think  they  are  elongated  and  modified  cell-processes. 
The  most  likely  view  seems  to  be  tha^  tliey  arise  from  growth  of  nuclei 
longitudinally.  Fig.  11,  PI.  XXV.,  shows  the  appearance  of  an  elongated 
nucleus  in  the  midst  of  young  elastic  fibres. 

Methods  of  Preparation. 

The  fixative  solution  I  have  found  of  most  value  for  detail  in  cell- 
work  is  a  mixture  containing  in  100  parts  of  water  025  part  chromic  acid 
and  1  part  glacial  acetic  acid.  If  the  eyeball  be  intact,  it  is  necessary  to 
allow  it  to  remain  in  this  from  10  to  14  days.  If  the  eyeball  be  divided, 
24  hours  is  a  sufficient  immersion.  It  is  tlien  necessary  to  wash  in 
running  water  for  12-24  hours.  After  this  the  tissue  is  placed  in  alcohols 
of  constantly  increasing  strength  where  it  is  desired  to  cut  in  paraffin 
or  celloidin.  But  I  found  that  freezing  gave  least  distortion  of  parts — 
especially  in  cases  of  tangential  sections.     I  consider  that  while  jmraffin 
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and  celloidin  produce  the  moat  picturesque  aeetiona,  yet  one  misses  much  of 
the  natural  arrangement  of  parta,  as  this  may  be  altered  by  such 
histological  processes. 

For  elastic  fibres  the  method  of  partially  macerating  the  cornea  in  dilute 
acetic  acid  for  about  three  weeks,  and  making  sections  by  freezing  in  a  tan- 
gential direction,  was  the  one  that  was  most  satisfactory.  Mounting  in 
glycerine  was  resorted  to  as  a  rule  in  the  freezing  method,  as  the  treatment 
necessary  to  prepare  for  mounting  in  Canada  balsam  also  causes  shrinkage 
in  the  tissues. 


Fig.  1. — Humini  ftetus  of  about  ail  weeks.     Vertical 
section  of  the  cornoi  and  letia.     Low  [lower. 
a,  Oornea]  srithellum  ihawlug  looielf  Kstlered  ceDa.    b.  Sub- 
itaiitla  prapiin  u[  camen  gtlU  homOBjeneiiug,  buC  heeoming 

pleM,  but  lens  Jlei  clow  to  oorne*.    d,  Poiterlor  segment  of 

The  earliest  period  of  fretal  development  of  which  material  for  examina- 
tion in  the  human  fn?tus  was  obtained,  was  between  five  and  six  weeks. 
(Fig.  1  is  from  a  photogi'aph  of  vertical  section  through  the  front  of  this 
eye.)  At  this  stage  the  cells  are  still  embryonic  in  characiter,  and  have 
not  become  differentiated  into  fibrous  tissue,  etc.  Staining  for  elostin  was 
entirely  negative.  The  corneal  epithelium  is  seen  as  a  fairly  narrow  band 
which  passes  along  in  front  of  the  cornea,  the  nuclei  being  scattered 
throughout  its  extent  in  a  single  layer.  The  lens  with  its  epithelial  covering 
is  seen  close  to  the  corneal  epithelium,  but  quite  distinctly  separated  from 
it.  The  first  appearance  of  the  substantia  propria  of  the  cornea  is  seen  in 
the  narrow,  homogeneous  layer  which  separates  the  epithelium  and  the  lens. 
VOL    XL.  (THIRD  8EK.   VOL.   1.) — APE.   IDOfl  23 
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The  connective- tissue  cella  are  beginning  to  invade  it  from  the  side,  but  a& 
yet  have  not  reached  very  far  towards  the  centre. 

The  lens  ia  seen  to  consist  of  two  segments.  The  figure  gives  a  fairly 
clear  demonstration  of  the  relation  of  parts,  but  tlie  demonstration  of  minute 
cellular  detail  was  not  possible  in  the  specimen,  which,  although  apparently 
quite  fresh  to  the  naked  eye,  and  fixed  with  all  speed,  must  have  suffered 
slightly  from  degeneration. 

The  next  stage  at  wliich  I  examined  ftetal  material  was  that  of  a  three 
to  four  months  fcetus. 


Flo.  2. — Comea  of  calf.    Semi-msceratedin  dilut*  aoatic      Frci.  8.  — Cornea  of  o»If.     Semi-maceraled  in  acetic  acid. 

scid.     Stained  by  Weigert's  metliud.     High  ]iower.  Higlily  niagniRed. 

EluticmiresMeaetnlylngln  theBTOund-llwneot  thellmbut.        The  *i>eclmen  li>  tsken  from  ths  linibui.    Tuigenll*!  KctliiD. 
Welgert'i  >Utn.    The  elutlc  Rlirei  *re  •llsUnct,  espcclaltr 


When  I  Ijegan  my  investigation,  I  did  not  realise  that  it  was  not  possible 
to  obtain  a  good  demonstration  of  the  presence  of  elastic  fibres  from  the 
ordinary  vertical  Bections  of  the  comea.  It  wa-s  only  when  I  began  to 
macerate  slightly  in  acetic  acid,  and  make  frozen  sections  in  a  tangential 
direction,  that  I  could  obtain  a  view  of  the  fibre-s  to  my  satisfaction.  In  a 
lamellar  structure  such  as  the  cornea,  when  the  fibres  are  compressed  be- 
tween the  lametlie,  they  may  readily  escape  notice,  especiallj'  if  the  differ- 
entiating process,  after  staining,  is  not  completely  carried  out.  This  is 
only  one  illustration  of  how  the  component  pai-ts  of  a  section  may  be 
missed,  especially  in  one  which  has  undergone  shrinkage  from  any  cause, 
such  aa  is  met  with  in  the  parafiiu  or  celloidin  methods. 
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CoiTK  iplnl  Hbre. 


Fio.  4, — I'iece  of  macerated  cornea  from  the  calf. 

lece  ol  conin  wjileb  had  been  macenUd  fur  (our  to  lU  we«ki  in 
diluu  sceciv  a<  Id,  teucd  out  ou  illde,  ind  Uien  lUlned  bj  Wsigert'i 
■Win. 

)m«  of  the  elaitle  flbres  are  dlttluctly  wavy  [n  auCllne  and  of  con- 
■Iderable  mignitude  ;  othen  are  quite  alra[ghl  tor  a  ouDelderable 
part  ol  their  length.    Hue  Bbrlli  pau  froin  oae  Abre  U>  another  >t 


-  Lusa  ptgment  call. 
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As  early  as  the  third  or  fourtli  month  the  fibrous  nature  of  the  human 
cornea  is  well  establiHlied.  Here  and  there  amidst  the  wavy  fibrous  tissue 
one  can  make  out  the  sharply  cut  end  of  a  more  deeply  stained  fibre.  The 
posterior  layers  are  more  compressed  than  the  anterior,  and  it  is  at  this 
region  that  the  cornea  takes  up  the  elastic  stain  more  or  less  uniformly. 

At  the  thii-d  month  Bowman's  membrane  is  not  seen  as  in  the  adult 
cornea,  but  is  represented  by  a  matrix  with  some  more  or  less  loosely 
scattered  corpuscles  lying  in  its  substance.  Fig.  l(i,  PI.  XXVI.,  shows  a 
specimen  of  this  age  in  which  the  coi-nea  is  stained  by  Weigert's  elastic 


Flo.  6.— Cornea  of  calf.     Semi-maoereted  in  acetic  acid. 

Tangential  view.     Weigert's  t<tain. 
Coane.  iplnlly  Cwlateil  flbrei  «n  b«  ksd  lying  In  liomoeensoiu 
reeiun  1b  tliedeeper  zone  uver  the  cILikrj  area. 

stain.     The  difficulty  of  differentiating  elastic  from  other  tissue  is  shown 
in  this  specimen. 

It  ia  stated  as  a  fact  beyond  dispute,  tliat  elastic  fibres  occur  in  the 
cornea  of  the  calf.  I  therefore  took  tliis  as  a  basis  of  comparison,  and  used 
it  as  a  method  of  control  for  the  other  material  examined.  In  all  my  pre- 
parations I  found  a  freshly  prepared  Weigert's  elastic  stain  was  the  most 
satisfactory,  although  in  some  cases  I  got  quite  good  results  from  the  orcein 
method.  Figs.  2  and  3  show  the  presence  of  elastic  fibres  in  the  calf's 
cornea.  The  preparations  were  macerated  for  three  to  four  weeks  in  dilute 
acetic  acid.  By  this  treatment  the  cornea  became  swelled  and  the  cells 
somewhat  indistinct  in  outline.  Frozen  sections  were  prepared,  or 
portions  of  the  cornea  at  the  various  parts  were  excised  and  pressed  out 
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between  cover-glass  and  slide.  In  tliis  latter  way  a  film  preparation  was 
produced,  and  this  was  stained  as  mentioned  in  the  description  appended  to 
the  figures. 

In  the  superficial  layers  (see  lig.  4)  wliich  comprise  the  loose  areolar 
tissue  just  beneath  the  conjunctiva  outside  the  limbus,  elastic  fibres  are 
very  abundant.  In  this  region  tliey  are  broad  and  wavy,  and  form  a 
more  or  less  thick  feltwork.  In  the  deeper  layers  (fig,  5)  and  more 
internal  to  the  linibus,  the  fibres  are  somewhat  finer  and   more  delicate. 


They  are  more  isolated,  and  the  anastomosis  witli  one  another  is  more 
obvious.  The  fibres  become  more  scanty  towai-ds  the  centre  of  the  cornea, 
and  in  the  most  central  part  they  are  absent  altogether.  The  large  pig- 
mented masses  which  appear  in  sttme  of  the  sections  are  the  pigmentary 
cells  of  the  ciliary  pi-ocess,  and  are  seen  in  those  sections  which  have  passed 
through  the  deeper  layers  of  the  limbus. 

We  therefore  see  that  the  elastic  fibres  are  found  chiefly  in  the  deeper 
layers  of  the  cornea,  near  Desceinet's  membrane,  and  are  confined  to  the 
peripheral  portion  of  the  cornea. 

In  the  human  cornea  the  condition  is  found  to  be  practically  the  same. 
The  specimens  which  showed  the  presence  of  the  fibres  most  clearly  were 
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ttiose  of  the  later  months  of  pregnancy.  In  fig.  12,  PI.  XXV.,  the  limbna 
area  in  a  tangential  section  is  seen  under  a  low  power  of  magnification. 
The  stain  was  Weigert's  resorcin-fuchsin.  The  densely  fibrous  nature  of  the 
sclerotic  merging  into  the  somewhat  hyaline  (when  macerated)  region  of 
the  cornea  through  the  limbus  is  indicated.  In  fig.  7  the  same  appears 
under  higli  magnification.  The  fibres  are  seen  passing  across  the  limbus 
into  the  peripheral  part  of  the  cornea.  In  this  region  they  are  of  an  ex- 
tremely  fine  and   delicate   nature   even    when    highly   magnified.      This 


FlQ.  8.— The  cornea  of  fon].    Tangential  Bection.    Super-  Flo.  9.— Cornea  of  foal.    Semi- macerated  in  acetic  acid- 

licial  iAynTS.     Semi -macerated  in  acetic  acid.     Low  At  limlnis. 

power   view-.     Weigert's  ataiii.     Taken  from  region  aiiQwlng  flue  network  of  elutlc  fibre*  iimler  nwdmWlj  hlgb 

of  limbus.  power  ol  maunincUlon       The  aeclton   It  Uiisentlal   uid 

A-o«,.-The  '*-^„'E^.' °;^'i^^',„"^  »' '^^Vcir  "'  '"*'^"-  ""thJclH.''^  .^y."""  "  ""'" """  '"  *"'  "^'^"^  *"" 

specimen  is  from  a  fintus  about  the  seventh  or  eighth  month  of  pregnancy. 
Fig.  7  is  from  a  photograph  of  superficial  layers  at  the  limbus.  In  this 
specimen  long,  isolated  fibres  are  found  in  abundance  in  the  superficial 
layers  just  beneath  the  conjunctiva  at  the  limbus,  but  these  are  lost  when 
the  epithelium  becomes  definitely  corneal  in  character.  Fig.  13,  PI.  XXV., 
shows  the  condition  of  matters  in  the  vertical  section  of  the  same  specimen. 

Tile  difficulty  of  demonstrating  the  elastic  fibres  is  apparent  here. 
Whereas  they  do  not  appear  in  the  midst  of  closely  packed  lamellas,  yet 
they  are  readily  seen  in  the  loose  conjunctival  region  just  beyond  the 
limbus,  even  under  a  low  power  of  magnification. 

In  the  more  advanced  specimens,  and  in  adult  comese,  fibres  can  be 
shown  to  exist  at  the  limbus,  in  the  deeper  layei-s. 
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Similar  results  were  obtained  in  the  cornea  of  the  foal  which  I  have 
examined.  Figs.  8  and  9  show  the  presence  of  el^tic  fibres  in  great 
abundance.  In  fig.  8  the  coarse,  wavy  fibres  occupy  the  superficial  layers 
just  under  the  conjunctiva,  and  illustrate  the  felt- work  condition  referred 
to  already.  In  fig.  9  the  fibres  exhibited  are  in  the  deeper  layers  and 
are  more  delicate  in  character. 

Conclusion. 

Although  denied  by  many  authors,  I  have  proved  to  my  satisfaction 
that  elastic  fibres  occur  in  the  cornea.  They  are  chiefly  restricted  to  a  zone 
round  the  periphery  of  the  cornea,  and  become  lost  to  view  as  the  central 
pai-t  of  the  cornea  is  reached.  They  are  demonstrable  in  almost  equal 
distinctness,  by  the  Weigert  method,  in  the  eye  of  the  human  being,  in  that 
of  the  calf,  and  young  horse.  In  the  early  weeks  of  human  foetal  life  the 
tissues  are  still  embryonic,  and  do  not  take  up  elastic  staining.  Definite 
fibres  appear  about  the  third  or  fourth  month.  The  fibres  in  the  cornea 
proper  are  perhaps  more  abundant  in  the  middle  term  of  pregnancy,  but 
can  be  demonstrated  at  the  limbus  in  the  later  months  of  extra-uterine  life, 
and  in  early  adolescence. 

Preparations,  to  be  satisfactory,  must  be  sections  made  in  a  tangential 
direction,  and  should  be  stained  by  the  resorcin-fuchsin  method  of  Weigert. 

I  have  to  point  out  that  in  a  piece  of  work  of  this  kind  it  is  difficult  to 
obtain  good  illustrations.  I  had  to  make  repeated  attempts,  as  the  stains 
do  not  lend  themselves  readily  to  photographic  reproduction. 

The  distinctness  of  outline  necessary  for  illustration  in  this  way  is 
absent  from  these  semi-macerated  specimens,  and  the  elastic  fibres  are  not 
sufficiently  obvious  in  many  instances  to  make  them  stand  out  clearly 
against  the  background. 
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SIXTEENTH  REPORT  ON  RECENT  TERATOLOGICAL  LITERA- 
TURE. By  Bertram  C.  A.  Windle,  M.D.,  ScD.,  F.R.S.,  President 
of  Queen's  College,  Cork. 

[The  author  of  this  report  will  feel  greatly  obliged  if  writers  on  teratological  subjects  "will  supply 
him  with  reprints  of  their  papers  for  use  in  the  pi'e^)aratiou  of  future  reports.  ] 

I.  Experimental. 

TuR  (i.)  has  incubated  some  *\fir8t-laid"  eggs,  it  being  well  known  that  such  eggs 
seldom  produce  normal  chicks.  The  eggs  were  incubated  up  to  different  stages,  then 
fixed,  stained,  and  examined.  He  describes  five  blastoderms.  (1)  16  hours.  Short, 
broad,  primitive  groove  at  the  hinder  extremity  of  the  area  pellucida.  At  the 
anterior  end  of  this  groove  a  small  deep  transverse  groove.  This  was  a  gastrula- 
like  inflection  of  the  kind  typical  in  reptilian  embryos.  (2)  23  hours.  Primitive 
groove,  at  anterior  end  of  which  is  a  compact,  transversely  lying  thickening  with  an 
irregularly  bent  deep  transverse  cleft,  which  the  author  considers  to  be  a  prostoma. 
(3)  26  hours.  In  the  middle  of  ijhe  area  pellucida  is  a  complex  malformation,  an 
irregular  anterior  spot,  a  strong  oval  thickening,  and  behind  a  vesicular  kind  of 
formation.  (4)  13  hours.  Primitive  groove  with  anterior  deep  transverse  fissure 
visible.  This  is  shown  by  microscopic  sections  to  be  a  sinking-in  of  the  ectoderm, 
apparently  an  early  stage  in  the  formation  of  a  prostoma-like  gastrulation.  (5) 
15  hours.  At  the  anterior  end  of  the  primitive  groove  is  a  small  thickening. 
At  the  hinder  end  also  a  compact  thickening  with  a  deep  cleft.  In  this  case 
examination  showed  that  there  was  no  gastrulation,  but  a  very  extreme  amount 
of  ectodermal  growth. 

II.  General. 

Calwell  (ii.)  describes  two  cases  of  dioarHsin.  The  first  is  one  of  infantilism, 
primary  asexual  ateleiosis ;  the  other,  a  female,  was  sexual,  and  the  diminutive 
stature  was  due  to  excessive  scoliosis,  with  bent  lower  extremities.  Launois  and 
R<)Y  (iii.)  have  published  an  important  work  on  Giants,  which  may  be  mentioned  for 
the  sake  of  those  working  at  this  subject.  It  may  be  remarked  that  the  authors 
state  that  hypertrophy  of  the  pituitary  body  and  disproportionate  enlargement  of 
the  sella  turcica  are  scarcely  ever  absent  in  giants,  and  especially  in  their  second 
group,  acromegalic  giants.  Rkgnault  (iv.)  notes  that  achondroplcuiia  gives  rise  to 
deformities  due  to  the  want  of  resisting  power  in  the  bones,  so  that  the  pelvis  is 
deformed,  the  neck  of  the  femur  is  shortened  and  makes  almost  a  right  angle  with 
the  body,  the  head  of  the  femur  is  crushed  and  flattened,  and  the  articular  surfaces 
of  the  knee  and  ankle  also  appear  to  be  crushed.  To  these  appearances  he  adds 
another,  namely,  platybasy,  or  flattening  of  the  base  of  the  skull  around  the  foramen 
magnum,  due  to  the  pressure  of  the  vertebral  column  on  an  occipital  bone  with 
insufficient  resisting  power.     A  series  of  papers  have  appeared  on  achondroplasic 
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caitle.  These  may  here  be  grouped  together.  Rbgnault  (v.)  declares  that  all 
authors  have  confounded  achondroplasic  and  niata  cattle,  which  are  really  two 
distinct  types.  Niata  cattle  form  numerous  herds  in  Chili,  and  are  met  with 
occasionally  in  Europe.  Such  an  animal  is  characterised  by  a  short  face,  shortened 
and  widened  superior  maxillee  and  intermaxilla ;  similarly  constituted  nasals  and 
lachrymals,  the  last,  losing  its  normal  relations  with  the  cranial  bones,  is  inter- 
posed between  the  frontal  and  intermaxillary:  the  palate  bone  is  little  modified. 
As  a  consequence  the  palatine  vault  is  widened,  shortened  and  convex  from  before 
backwards.  The  facial  profile  is  convex.  The  mandible  curves  itself  and  forms  an 
arch  which  is  very  strongly  curved  inferiorly  in  order  to  preserve  its  relations 
with  the  maxilla.  The  base  of  the  skull  is  unaltered.  The  achondroplasic  calf  is 
characterised  by  an  arrest  of  development  of  the  boups  of  the  base  of  the  skull,  so 
that  the  forehead  swells  out  under  the  pressure  of  the  brain.  The  maxillae,  hindered 
in  their  development  above,  develop  mesially  and  inferiorly.  Hence  results  a 
concave  profile  with  its  angle  at  the  root  of  the  nose.  The  mandible  is  even  more 
fully  curved  than  in  the  niata.  The  limbs  in  the  niata  are  short  but  well  developed, 
which  is  not  the  case  in  the  achondroplasic.  Arrest  of  development  in  the  niata 
is  limited  to  the  maxillary  region.  Seligmann  (vi.)  describes  the  "bulldog 
calves "  which  are  met  with,  it  appears,  in  this  country  only  amongst  the  pure 
Dexter- Kerry  breed,  and  perhaps  very  rarely  amongst  half-bred  Dexters.  The  con- 
dition is  described  by  him  as  one  of  congenital  cretinism.  Such  cretins  show  the 
characteristic  gross  lesions  and  histological  changes  in  a  marked  degree,  including 
those  first  described  by  Edmunds  in  the  thyroid  of  human  cretins.  The  condition 
cannot  be  ascribed  to  inbreeding,  but  clinically  is  comstantly  associated  with  placental 
disease  in  the  parent  cow ;  and  when  it  has  been  possible  to  examine  the  placentae 
from  cretin  births,  marked  and  constant  changes  have  been  found.  No  satisfactory 
explanation  can  at  present  be  given  of  the  occurrence  of  cretinism  in  the  Dexter  breed 
only.  As  for  its  association  with  a  constant  form  of  placental  disease,  the  latter  may 
be  considered  as  an  indirect  or  secondary  factor  in  its  production,  by  preventing 
the  access  of  the  maternal  thyroid  secretion  to  the  foBtus  in  which  the  thyroid 
lesion  characteristic  of  cretinism  has  arisen.  Lbsbrb  and  Forgbot  (vii.)  deal 
with  the  same  "bull-dog  calves,"  and  allude  to  Seligmann's  paper.  According  to 
these  writers,  thyroid  dystrophy  is  not  the  determining  cause  of  achondroplasia, 
it  is  only  a  complication  of  it.  They  think  that  the  cause  is  an  "intoxication 
infectieuse,"  and  suggest  that  what  is  wanted  is  that  the  nature,  origin,  and 
conditions  of  this  intoxication  should  be  investigated.  Lesbrb  and  Forgeot 
(viii.)  describe  another  achondroplasic  calf  which  was  bom  dead  in  an  extra- 
ordinarily anasarcous  condition.  Dissection  showed  that  both  kidneys  were  absent. 
Baton  has  published  a  series  of  notes  on  cretinism  and  allied  conditions.  In 
one  (ix.)  he  deals  with  the  microscopic  anatomy  of  the  hypophysis,  epiphysis,  and 
peripheral  nerves  in  cretinism,  and  describes  the  deviations  from  the  normal  met 
with  in  these  portions  of  the  body.  In  another  (x.)  he  describes  the  condition 
of  the  thyroid  body  in  cretinism  and  myxoedema.  A  third  (xi.)  deals  with  the 
same  subject,  and  a  fourth  (xii.)  with  supposed  early  synostosis  amongst  cretins 
and  the  supposed  relationship  between  chondrodystrophia  fcetalis  and  athyreosis. 
In  this  he  states  that  early  synostosis  is  never  found  in  true  cretins,  that  the 
opposite  view  is  due  to  a  confusion  of  cretinism  with  chondrodystrophia  foetalis 
hypoplastica,  in  which  again  no  early  synostosis  is  met  with,  but  only  a  stoppage 
of  enchondral  growth.  The  two  diseases  just  mentioned  have  no  pathological 
identity  with  one  another,  and  etiologically  no  point  of  contact  between  the  two 
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diseases  has  been  recognised.  Rabaud  (xiii.)  critically  examines  the  question  of 
the  role  of  the  amnion  in  the  jyrotiuction  of  malformationSy  a  question  so  long 
debated.  He  denies  that  the  results  of  compression,  constriction,  or  adhesion  are 
really  teratologics  1,  though  they  are  congenital,  the  action  of  the  amnion  in  these 
directions  being  only  that  of  modifying  some  normal  structure,  "Jamais  il  ne 
modifies  ni  le  sens  des  differi^ntiations,  ni  la  marche  de  la  croissance."  The  following 
have  dealt  with  transpodtion  of  the  viscera : — Halfp  (xiv.),  stomach,  duodenum, 
and  spleen  transposed  in  a  male.  M*Crae  (xv.)  two  cases,  in  one  of  which  there 
was  also  atresia  of  the  pulmonary  artery.     M*Crae  (xvi.)  a  further  case. 

The  following  are  cases  of  hermaphroditism.  Jarricot  (xvii.),  aged  64,  supposed 
to  have  been  a  female  all  life.  Autopsy  showed  that  the  individual  was  a  male.  The 
penis  was  rudimentary  and  there  was  no  corpus  spongiosum.  There  was  perineo -scrotal 
hypospadias.  Moncany  and  Delaunay  (xviii.),  child,  lived  four  days.  Penis  reduced 
to  a  glans  about  1  cm.  in  length  with  a  gutter  on  its  inferior  surface.  Urethra  opened 
between  two  pseudo-labia  majora.  No  vagina.  Testicles  placed  on  each  side  of  the 
rectum  at  the  level  of  the  internal  ring.  Here  again  there  was  no  corpus  spongiosum. 
Batujew  (xix.),  new-born  child.  Internal  organs  entirely  female;  external,  male 
with  hypospadias.  Jones  (xx.),  gynandroid  monster  of  seventh  month;  had  also 
hare-lip,  cleft  palate,  absence  of  right  palpebral  fissure,  its  place  being  occupied  by 
the  orbitonasal  groove.  Corby  (xxi.),  patient,  aged  15,  had  been  considered  a  boy. 
Cretinoid,  six  toes  each  foot,  and  a  sixth  finger  had  been  removed.  External 
genitalia  like  those  of  a  female,  but  with  what  looked  like  a  non-developed  penis 
protruding  from  between  the  labia  majora.  He  was  the  eighth  child,  and  the  fourth 
(dead)  had  been  exactly  like  this  one.  Patient  was  operated  upon  for  a  tumour, 
which  turned  out  to  be  ovarian,  but  was  placed  or  had  originated  in  the  inguinal 
canal.  At  the  time  of  the  operation  a  uterus  was  discovered.  Shattock  and 
Sbligmann  (xxii.),  true  hermaphroditism  in  a  fowl.  The  bird  in  question  was  a 
two-year-old  Leghorn  fowl,  which  externally  exhibited  the  comb  and  wattles,  with 
the  spurs  of  a  cock,  but  the  tail  of  a  hen.  Its  sexual  physiology  was  quite  negative. 
The  dissection  showed  a  well-developed  left  oviduct,  and  a  short  diminutive  right ; 
a  vas  deferens  was  present  on  each  side.  The  sexual  glands  were  convoluted  on  the 
surface,  and  of  altogether  abnonnal  form.  The  left  gland  consisted  of  inactive 
tubuli ;  serial  sections  of  its  lower  end  revealed  two  ova,  each  provided  with  a 
follicular  wall ;  the  vitellus  of  each  presented  an  eccentric  oval  space  answering  to  a 
germinal  vesicle.  The  serial  sections  proved  the  structures  in  question  to  be 
spherical  and  not  cross-sections  of  distended  tubes,  none  of  which  were  anywhere 
present.  The  sexual  gland  of  the  right  side  was  the  smaller,  and  consisted  of  in- 
active tubuli  like  the  left,  but  at  one  spot  a  group  of  tubuli  was  met  with  in  which 
active  cell  proliferation  and  spermatogenesis  were  in  progress.  Each  gland  was 
furnished  with  a  vas  deferens,  and  the  oviduct  of  the  left  side  was  fully  developed, 
the  sexual  gland  of  this  side  being  that  which  contained  the  ova.  Potentially, 
therefore,  the  bird  was  capable  of  performing  to  the  full  extent  both  male  and 
female  functions.  The  authors  had  been  led  from  this  specimen  and  other  data  to 
hold  that  the  not  uncommon  change  of  plumage  from  female  to  male,  and  more 
rarely  from  male  to  female,  possibly  indicated  a  bisexual  character.  Fantham 
(xxiii.),  cases  occurring  in  testudo  grseca.  (A)  a  bilateral  hermaphrodite  according 
to  Taruflfi's  classification;  (B)  functionally  a  male,  though  with  female  characteristics, 
and  might  be  regarded  as  a  pseudo-hermaphrodite.  Meyer  (xxiv.)  describes  some 
abnormalities  at  tlie  tail-end  of  an  embryo.  There  was  doubling  of  the  spinal  canal, 
with  remains  of  the  notochord,  caudal  spinal  canal,  neurenteric  canal,  and  post-anal 
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gut.  WiNSLOW  (xxv.),  ubnonnaltties  in  urodeles.  (1)  Amblysloma  punctatum  with 
a  bifid  toe ;  (2)  another  with  five  legs ;  (3)  plethodon  glutinosum  with  a  bifid  tail. 
Friedueim  (xxvi.)  gives  a  series  of  cases  of  malformed  foetuses,  including  several  of 
spina  bifida^  cy clops,  encephalocele,  etc.  Jacob  ami  Fulton  (xxvii.)  describe  a 
family  in  which  keratosis  palmaris  et  plantaris  had  existed  for  five  generations. 


DOUBLE-FORMATIONS. 

I 


Symmktrical. 


I.  Complete  doub- 
ling. (Two  sepa- 
rated bodies.) 
Duplicitas  com- 
pleta. 

I  I 

a.  Equal.         h.  Unequal. 

(Auto  site — 
parasite, 
Parasitus 
truncatus.) 


I 


I 


II.  Incomplete  doub- 
ling. (Partly 
doubled  bodies.) 
Duplicitas  in- 
completa. 


III.  Triple  forms. 
(Mostly 
combina- 
tions of  I. 
and  II.) 
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I 
b.  Unequal. 
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doubling. 
(Duplicitas 
superior.) 
Diprosopus. 
(Cyclous.) 
Dicepna 
lus  sensu 
stricto  (?). 

2.  Lower  (post) 

doubling. 
(Duplicitas 
inferior.) 
Dipygus. 
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phalus.) 

2.  Conjunctio  media.     (Dupli- 

citas parallela. ) 
'  (a)  Xiphopagus. 
(/8)  St<*rno    -    thoraccijiagUR. 
(Kachipagus  -  thoraco- 
pagus    parasiticus, 
dicephalus.) 

(7)  Gastro  thoracopagus 
dipygus.  (Heteradel- 
])hus.) 

(8)  Prosopothoracopagus. 

3.  Conjunctio  superior, 
(a)  Dorsal :  y-frontalis. 

Craniopagus^parietalis. 
(epicoraus).     Noccipi  talis. 
(/8)  Ventral   ventro  -  lateral. 
Syncephalus.  (Cephalo- 
thoracopagus  janiceps. ) 
Janus. 

I 
I  I 

Symmetros.  Asymmetros. 


ASYMMKTRICAL. 

(True  parasites. )  In- 
clusio  fcetalis.  Fcetus 
in  fcetu. 

1.  At  head-end  of  auto> 

site. 

a.  Prosopopagus  para- 
siticus. 

h.  Epignathus. 
(Spneno  -  uropa- 
gus.) 

c.  Encranius. 

d.  Cephalomelus.     (Of 

doubtful      occur- 
rence in  man. ) 

2.  In  the  region  of  the 

branchial  arches  or 
mediastinum. 

3.  Thoracomelus,     noto- 

melus.  (Of  doubt- 
ful occurrence  in 
man. ) 

4.  In    the    anal    region. 

Sacral  parasite. 
(Teratoma  sacralis, 
Pygomelus. ) 

Between  the  abdo- 
minal walls.  (In- 
clusio  subcutauea.) 

In  the  abdominal 
cavity.  (Intraperi- 
t(meal,  mesenterial.) 
Engastrius. 

Dermoid  cysts. 
Teratomata. 


5. 


6. 
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III.    DUPL1CITY^ 

Bbrnheim  (xxviii.)  has  described  another  case  of  quintuplets.  The  mother  was 
aged  39,  was  married  at  17,  and  had  borne  7  children.  All  of  the  five  at  this  birth 
were  males.  The  five  placentae  were  fused,  but  there  was  apparently  a  separate 
chorion  for  each  child.  One  survived  for  a  fortnight,  the  rest  died  before  that  time. 
The  weights  in  order  of  birth  were  4,  4  J,  4  J,  4  J,  5  pounds. 

Roberts  (xxix.),  a  case  of  several  multiple  births  in  same  female.  She  was 
aged  32,  of  French  extraction,  married  twelve  years.  There  was  a  history  of 
twinning  on  her  maternal  side,  and  her  own  six  confinements  had  been  (1)  twins, 
(2)  triplets,  (3)  a  single  child,  (4)  twins,  (5  and  6)  single  children.  Besides  there 
had  been  a  miscarriage  with  a  single  foetus.  On  this  occasion  she  produced  four 
children — boy,  boy,  boy,  girl.  There  were  four  separate  placentas  and  four  bags  of 
membranes.  Tlie  third  boy  was  still-born,  but  all  the  others  survived  at  the  time 
the  communication  was  made. 

Fjsre  (xxx.)  describes  a  pair  of  twins,  not  closely  resembling  one  another,  who, 
when  1 3  years  and  6  days  old,  were  simultaneously  attacked  with  pains  in  the  head 
and  other  symptoms,  and  tw-o  days  after  began  to  menstruate  at  the  same  time. 
This  additional  instance  of  the  close  relationship  in  constitution  of  twins  seems 
worth  recording. 

Strassmann  (xxxi.),  in  a  paper  on  twins  ami  double-ftn'mationSf  gives  in  a  tabular - 
form  a  classification,  based  on  Marchand's  views,  which  is  so  useful  that  I  reproduce 
it  for  the  benefit  of  English  workers. 

The  systematic  account  of  multiple  formations  in  man  from  the  pen  of 
Strassmann  (xxxii.)  in  v.  WinckeFs  Handbuch,  may  be  commended  to  English 
teratologists  as  an  excellent  account  of  the  subject  with  which  it  treats.  F6rster 
(xxxiii.)  thus  sums  up  his  views  as  to  the  origin  of  double  malformations. 
Observations  on  artificial  disturbance  of  embyronic  development  show  that  the 
view  that  asymmetrical  double  malformations  may  be  formed  in  the  unfertilised 
ovum  is  untenable.  Experiments  do  not  prove  that  double  malformations  may 
come  from  eggs  with  two  germinal  vesicles.  Experimental  observations  exclude 
polyspermia  as  a  cause  of  duplicity.  All  observations  seem  to  show  that  symmetrical 
double  forms  can  be  produced  by  alterations  in  the  fertilised  ovum.  This  alteration 
may  perhaps  be  a  complete  separation  of  the  first  fission  spheres.  Far  more 
probably,  however,  it  is  a  rearrangement  of  the  cell  material  either  during  fission 
or  in  the  blastula  or  gastrula  stage  which  produces  a  duplication.  Separation 
of  the  first  fission  spheres  or  rearrangement  of  the  cell  material  may  most  probably 
be  produced  by  a  change  in  the  osmotic  pressure  in  the  ovum,  perhaps  also  by 
mechanical  influences  on  the  ovum.  Alexander  (xxxiv.)  deals  with  the  condition 
of  the  internal  ear  in  syncephalus  (synotia).  He  says  that  the  processes  have 
their  commencement  evidently  in  a  very  early  embrj-onic  stage,  and  that  they  affect 
the  seventh  and  eighth  nerves,  the  ganglion  acustico-faciale,  the  capsule  of  the 
labyrinth,  and  tlie  membranous  labyrinth  as  well,  and  that  even  those  parts  of 
the  labyrinth  w^hich  are  not  directly  afiected  are  retarded  in  development  as 
compared  with  the  condition  in  a  normal  embryo.  TuR  (xxxv.)  has  a  paper  on 
multiple  embryos.  Amongst  numerous  bird  embryos  which  he  examined,  he  found 
several  multiple  developments  in  the  stage  of  the  primitive  streak  and  the  primitive 
groove;.  He  describes  one  remarkable  case  observed  in  the  egg  of  a  hen.  There 
were  four  separate  centres  of  development.     On  three  of  these  there  was  a  primitive 
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groove,  and  one  of  these  grooves  was  double.  In  another  paper  (xxxvi,)  the  same 
writer  gives  three  rare  cases  of  duplicity  in  the  hen,  all  very  early  in  stage.  ( 1 )  Two 
symmetricaUy  bent  primitive  streaks  in  one  area  pellucida.  These  streaks  were 
so  arranged  as  to  form  an  X-shaped  figure.  (2)  A  very  similar  and  also  X-shaped 
case.  In  both  these  cases  the  head-ends  were  turned  in  one  direction  and  the 
tail-ends  in  the  opposite.  (3)  Also  two  primitive  streaks  but  of  different  size. 
These  had  their  head-ends  turned  towards  one  another.  The  same  writer  (xxxvii.) 
describes  a  very  early  double  malfarmatum  of  lacerta  oculnta  consisting  of  two 
primitive  streaks  lying  parallel  with  one  another.  Chiari  (xxxviii.),  a  tJioracopagus 
found  as  the  result  of  a  three  months'  pregnancy.  The  head  and  buttocks  measure- 
ment of  each  embryo  was  14  mm.,  i,e.  about  six  weeks,  but  the  size  of  the 
membranous  sac  would  point  to  three  months'  development.  Anthony  and 
Salmon  (xxxix.)  contradict  the  view  that  pygoinelus  is  a  parasitic  form  or 
asymmetrical,  believing  that  it  is  a  symmetrical  form  of  double  monstrosity. 
They  have  established  a  series  of  double  monsters  formed  by  union  face  to 
face  of  two  individuals  (syncephalus)  showing  a  passage  by  insensible  transitions 
between  janiceps,  in  which  the  union  takes  place  only  at  the  level  of  the 
cephalic  region  and  pygomeles,  where  the  union,  instead  of  stopping  at  the  head, 
at  the  neck,  or  at  the  thorax,  goes  as  far  as  the  pelvis.  The  two  coccyges  ap- 
proximate towards  the  middle  line,  the  posterior  members  approach  one  another, 
meet,  and,  in  certain  cases,  unite  with  one  another,  all  being  cases  of  pygomelus  of 
different  degrees.  Rabaud  (xL),  an  account  of  a  case  of  monoctphalus  deradelphus 
in  a  cat,  with  full  description  of  th^  anatomy.  The  author  maintains  that  the 
medullary  axes  never  were  the  axes  of  two  separate  independent  forms,  but  that 
the  two  limit  a  region  in  which  organs  are  formed  simple,  double,  or  duplex  as  the 
case  may  be.  The  simplicity,  duplicity,  or  duality  of  the  heart,  for  example,  depends 
entirely  on  the  amount  of  the  extent  of  the  region  of  common  development.  Opel 
(xli.),  a  case  of  pygomelus  (heterodidymus  triscelus  of  Gurlt),  where  there  was  also 
spina  bifida  and  duplicity  of  the  bladder.  Case  of  acephaluSy  Gowdby  (xlii.),  both 
upper  limbs  present ;  female  in  sex  like  the  normal  child  with  which  it  was  born. 
Weighed  3  lbs.  3  ozs. ;  absolutely  devoid  of  even  a  rudimentary  head.  Forearm 
absent  in  right  upper  limb,  the  hand,  with  only  three  digits,  being  in  contact  with 
the  lower  end  of  the  humerus.  The  left  upper  limb  consisted  of  a  very  short 
humerus,  a  forearm,  and  hand  with  five  digits.  There  were  five  toes,  all  webbed, 
on  the  right  foot,  three  only  on  the  left.  A  further  case  has  been  described  by 
Gladstone  (xlii.),  Duclaix  and  Herrenschmidt  (xli v.),  teratoma  of  the  labium 
majus.  Tumour,  which  was  congenital,  was  of  the  size  of  a  goose-egg,  and  occupied 
the  right  labium  majus.  It  had  two  mamillary  elevations  on  it  and  an  anus-like 
opening  which  led  into  an  oblique  diverticulum.  Vagina  and  uterus  were  both 
double.  The  tumour  was  removed  and  microscopically  seemed  to  be  composed  of 
fat.  Microscopic  examination  of  the  mucous  membrane  of  the  diverticulum  showed 
that  it  was  of  a  character  similar  to  that  of  the  anus,  and  the  authors  think  that 
the  case  is  one  of  a  foetal  inclusion  of  one  or  several  parts  of  the  posterior  intestine 
(not  caudal)  in  the  neighbouring  tissues,  an  inclusion  which  may  perhaps  have  been 
produced  by  an  irregular  formation  of  the  cloaca.  These  fragments,  they  think, 
may  ^ave  developed  into  the  anorectal  passage  open  to  the  exterior  (i.e.  the 
diverticulum  described),  and  into  a  cyst  which  also  existed  in  the  substance  of  the 
tumour. 
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IV.  Head  and  Neck. 


Cases  of  absence  of  corpus  callosum,  Banchi  (xlv.).  This  appears  to  be  a 
fuller  description  of  the  case  mentioned  in  the  last  of  these  reports.  The  author 
says  that  he  cannot  give  any  clue  to  the  etiology,  but  thinks  that  the  suggestions 
put  forward  by  some  as  to  the  action  of  a  hydrocephalous  condition  or  of  a 
meningeal  obstruction  are  quite  inadequate.  Douglas-Crawpord  (xlvi.),  another 
case.  He  thinks  it  demonstrates  that  the  fornix  commissure  appears  before  the 
callosal,  and  that  the  dorsal  portion  of  the  corpus  callosum  is  the  first  part  of  that 
commissure  to  appear  in  the  commissure  field  immediately  anterior  to  the  fornix. 
Haushaltkr  and  Collin  (xlvii.),  another  case,  with  microgyria  and  polygyria,  also 
absence  of  the  pyramidal  tract.  Bournkvillb  and  Raymond  (nWiu,),  portncephcdy 
of  both  hemispheres.  Left  side,  occupies  the  greater  part  of  the  temporal  lobe, 
same  position  in  left ;  sclerosis  of  external  portion  of  the  cyst  less  marked  on  this 
side.  The  case  occurred  in  a  child  of  four  years  of  age,  idiotic  from  birth.  The 
condition  of  the  circle  of  Willis  and  its  abnormalities  has  been  investigated  by 
LoNGO  (xlix.),  and  Fawcett  and  Bi^chpord  (1.),  Piel  (li.),  congenital.  Tnalformations 
of  tlie  ear.  (1)  In  cases  of  congenital  atrophy  of  the  external  ear  arrest  of  develop- 
ment is  not  localised  in  the  soft  parts,  but  extends  also  to  the  deeper,  affecting  the 
neighbouring  bones,  temporal,  maxillary,  and  frontal ;  (2)  the  abnormalities  are  not 
confined  to  the  region  of  the  first  branchial  cleft,  but  occupy  one  or  more  metameric 
segments. 

Congenital  absence  of  the  dilatator  of  the  pupil  has  been  described  by  Grossman  N 
(Hi.)  in  a  girl  of  5  J  years.  Abnormalities  of  hones  of  the  skull.  Frassbtto  (liii.)  figures 
six  monkey  and  six  human  crania  to  show  that  the  parietal  may  be  divided  into  two 
halves  by  a  vertical  or  by  an  antero-posterior  suture,  and  that  one  of  these  may  again 
be  divided  into  two.  Hence  the  parietal  may  consist  of  three  parts.  As  the 
secondary  suture  may  sometimes  be  in  the  anterior  and  sometimes  in  the  posterior 
portion,  the  parietal  might  consist  of  four  parts,  and  this  condition  the  author  has 
actually  demonstrated  in  the  skull  of  a  Cercopithecus  callitrichus.  Hrdlicka 
(liv.),  cases  of  division  of  the  parietal  in  man  and  monkeys.  Bradley  (Iv.), 
supernumerary  ossicles  in  the  skull  of  a  lion.  (1)  The  left  lachrymal  has  a 
triangular  ossicle  separated  from  it  which  lies  between  the  main  portion  of  the 
bone,  the  frontal  and  the  maxilla ;  (2)  right  nasal  divided  into  two  unequal  portions 
by  a  longitudiijal  suture  which  leaves  the  internasal  suture  about  the  junction  of 
its  middle  and  anterior  thirds.  Hrdlicka  (Ivi.),  two  cases  of  bilateral  complete 
division  of  the  malar  in  man.  Bradley  (Ivii.),  a  case  of  supernumerary  molar  teeth 
in  the  horse,  with  a  discussion  on  the  subject  of  variation  in  the  number  and  form 
of  the  premolars  and  molars  in  the  horse.  Bradley  (Iviii.),  a  supemumerart/  first 
maxillary  premolar  in  the  horse.  Lucas  (lix.)  recalls  a  former  paper  on  congenital 
absence  of  an  upper  lateral  indsor  tooth  as  a  forerunner  of  hare-lip  and  cleft  palate. 
{Clin.  Soc.  Trans.,  1888,  p.  64),  in  w^hich  he  stated  that  the  absence  of  an  upper 
lateral  incisor  tooth  resulting  from  an  arrest  of  development  is  to.  be  regarded  as  a 
malformation  closely  related  to  hare-lip  and  cleft  palate  and  capable  of  transmitting 
both  of  these  deformities  to  a  succeeding  generation,  and  now  gives  two  further 
cases  illustrative  of  this  theory.  Debasieux  (Ix.),  median  hare-lip,  etc.  Child 
aged  2  months.  The  upper  lip  is  divided  at  its  centre  by  a  vertical  fissure  which 
commences  at  the  free  border  and  occupies  about  two-thirds  of  the  lip.  This  fissure 
is  continued  by  a  groove  which  extends  to  the  root  of  the  nose.     The  nose  itself  is 
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divided  into  two  parts,  each  consisting  of  a  single  nostril,  separated  by  some  distance 
from  one  another.  There  was  also  a  median  cleft  of  the  palate  affecting  the  alveolar 
portion  only.  The  sides  of  the  cleft  were  nearly  in  api)Osition.  Hentze  (Ixi.),  an 
inquiry  into  hare-lip  and  cleft  palate,  mainly  in  connection  with  the  question  of 
treatment.  Petit  (Ixii.)  describes  a  cervical  cyst  occurring  in  a  dog.  It  was  about 
the  size  of  an  egg,  and  lay  against  the  right  side  of  the  larynx  ;  was  lined  with 
polymorphic  epithelium  and  had  a  tibro- vascular  covering.  He  believes  that  it  was 
of  branchial  origin.  Krbbs  (Ixiii.),  congenital  caHilaginous  remains  in  the  neck. 
He  holds  that  they  are  only  found  as  remains  of  the  second  branchial  arch,  and  that 
cbondromata  of  the  salivary  glands  are  not  referable  to  the  same  cause.  Batujbw 
(Ixi v.),  two  punctiform  openings  in  the  neck  of  a  man  aged  21,  believed  to  be 
incomplete  branchial  fistuloi, 

V.  Thorax. 

Ehruardt  (Ixv.),  SprengeVs  deformity.  First  described  in  1891,  this  condition 
of  elevation  of  one  shoulder  above  the  other  has  now  been  recorded  in  89  instances. 
The  author  now  adds  three  fresh  cases,  and  gives  a  full  bibliography  and  analysis  of 
the  cases  on  record.  Keith  (Ixvi.)  has  a  valuable  statistical  inquiry  into  cases  of 
congenital  cardiac,  malformation,  to  which  workers  on  this  subject  may  be  referred 
for  a  number  of  significant  facts. 

Launois  and  Villarkt  (Ixvii.),  abnormalities  of  the  sigmoid  valms  of  the  heart.  The 
most  frequent  anomaly  is  the  absence  of  a  valve.  It  is  rare  to  find  one  supple- 
mentary valve,  still  rarer  to  find  two.  There  is  only  one  case  of  a  single  aortic 
valve.  It  is  ver}'  rare  to  find  simultaneous  anomalies  in  the  two  great  arteries. 
The  abnormality  is  clearly  congenital. 


VI.  Abdomen. 

Garrod  and  Wynnb-Davibs  (Ixviii.)  absence  of  the  muscles  of  the  abdominal  wall, 
with  hypertrophy  and  dilatation  of  the  urinary  bladder,  linear  scarlike  umbilicus, 
and  undescended  testicles.  No  intra-uterine  poliomyelitis.  Stumm  put  forward 
three  views  as  to  causation,  viz.,  (1)  that  the  condition  of  the  bladder  was  due  to 
the  non-development  or  atrophy  of  the  muscles,  (2)  that  the  two  malformations  had 
a  common  cause,  (3)  that  the  non-development  or  atrophy  of  the  muscles  was 
secondary  to  a  temporary  obstruction  of  the  escape  of  the  urine  occurring  during 
intra-uterine  life.  The  authors  think  the  third  theory  is  likely  to  be  the  correct 
one.  RosENHAUPT  (Ixix.),  a  case  of  abdomino-pelric  fissure  with  division  of  the 
intestine,  absence  of  the  right  umbilical  artery,  and  double  uterus. 

Cases  of  diaphragmatic  hernia.  Murray  (Ixx.),  girl,  aged  4  months,  'i'he 
hernia  was  on  the  right  side  and  contained  the  large  intestine,  most  of  the  small, 
the  gall-bladder,  and  parts  of  the  liver  and  pancreas.  Rabaud  (Ixxi.).  case  associated 
with  a  remarkable  short  oesophagus  which  the  author  thinks  may  have  been  the 
prime  cause  of  the  defect.  Petit  (Ixxii.),  case  occurred  in  a  cat  and  was  on  the 
left  side.  The  stomach,  spleen,  small  intestine,  pancreas,  and  great  omentum  were 
all  in  the  pleural  cavity.  He  mentions  that  he  had  previonsly  described  a  case  of 
the  same  kind  in  a  dog.  Brook  (Ixxiii.),  a  case  of  congenital  dilatation  and  hyper- 
trophy of  the  sigmoid  flexure  in  a  female  aged  21,  Abnormalities  of  kidney. 
HoRAND    (Ixiv.),  right   kidney  absent  and   right   ureter  connected   with   the   left 
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kidney,  a  very  remarkable  case.  Dick  (Ixxv.),  single  fused  kidney  in  a  foetus, 
also  the  subject  of  uterus  duplex.  Niclot  and  Heqysr  (Ixxvi.),  pelvic  ectopia  of  both 
kidneys  in  a  male.  Both  lay  in  the  pelvis  below  the  level  of  the  bifurcation 
of  the  aorta,  the  right  being  lower  than  the  left.  Both  were  turned  round 
so  that  the  posterior  aspect  was  anterior.  The  right  received  its  arteries 
from  the  right  common  iliac  artery,  and  the  left  from  the  aorta  just  above 
the  point  of  bifurcation  of  that  vessel  Romanovsky  and  Winiwartkr 
(Ixxvii.),  ectopia  testis  in  a  male  aged  61.  The  right  testis  lay  with  the  left 
in  a  common  tunica  vaginalis  in  the  left  sac  of  the  scrotum,  both  spermatic  cords 
passing  through  the  left  inguinal  canal.  Guizzbtti  (Ixxviii.),  a  case  of  absence  of 
vas  deferens  and  veslcula  seminalis  on  the  right  side.  The  corresponding  testis  was 
well  formed  and  the  spermatozoa  were  normally  developed.  UiEUiiAF^  and  (^illes 
(Ixxix.),  child  with  atresia  ani,  operated  on  and  died  the  second  day  after  birth. 
Had  an  enormous  penis,  measuring  7  cm.  in  length.  The  orifice  of  the  meatus  was 
filiform.  Behind  this  the  spongy  portion  of  the  urethra  presented  a  number  of 
much  dilated  cavities  separated  by  narrowed  portions  of  the  passage.  De  Blasio 
(Ixxx.),  a  female  presenting  supernumerary  mammae,  one  on  the  exterior  of  either 
labium  majus.  Cases  of  uterine  abnormalities.  Lane  (Ixxxi.),  septate  uterus  and 
vagina.  AijGLavb  (Ixxxii.),  patient  aged  40.  Uterus  much  bent  to  left  side  and 
united  to  pelvic  wall, — a  congenital,  not  a  pathological  condition.  The  portion  in 
question  represents  the  left  side  of  the  uterus  only,  the  right  Mullerian  duct  form- 
ing only  a  rudimentary  tube?  The  corresponding  (right)  ovary  lay  in  the  iliac 
fossa  behind  the  caecum,  and  resting  by  its  lower  pole  against  the  external  iliac 
artery.  The  right  kidney  lay  in  the  pelvis,  its  superior  pole  between  the  two 
venae  cavae  inferiores.  Complete  atresia  vagince,  described  by  Batzbwitsch  (Ixxxiii.), 
and  believed  by  him  to  be  congenital,  though  this  was  denied  by  others.  Large 
fold  of  skin  over  posterior  fourchette  described  by  Jones  (Ixxxiv.), 


VII.  Extremities. 

Vbit  (Ixxxv.)  discusses  the  question  as  to  whether  there  is  any  connection 
between  Polydactyly  and  cerebral  malformations.  He  considers  that  sporadic 
and  unilateral  examples  of  Polydactyly  may  be  due  to  mechanical  processes, 
but  that  hereditary  and  symmetrical  Polydactyly  must  be  due  to  processes  in 
the  germ  of  which  we  are  totally  ignorant.  Gougbrot  (Ixxxvi.),  a  case  of 
absence  of  the  fifth  digit  and  reduction  of  the  carpus  by  fusion  of  a  rudimentary 
unciform  with  the  os  magnum.  There  was  also  fusion  of  the  semilunar  and 
trapezii,.n.  F6r6  and  Perrin  (Ixxxvii.)  deal  with  a  very  slight  but  not  un- 
commor  malformation,  in  the  shape  of  lateral  inclination  of  fingers  towards 
the  axib  of  the  hand  or  towards  a  line  parallel  to  this  axis,  passing  between  the 
third  and  fourth  fingers.  Digitus  minimus  valgus  may  possibly  be  a  stigma  of 
degeneration.  The  authors  have  examined  180  male  lunatics  who  exhibited  this 
condition  of  little  finger  48  times  on  both  sides  (2666  per  cent.),  19  times  only 
on  the  left  (1055  per  cent.),  and  3  times  on  the  right  (1*66  per  cent),  making  in  all 
70  cases  (38 "88  per  cent.).  One  hundred  work-people  of  different  kinds,  who  might 
be  considered  mentally  normal,  were  examined  as  a  comparison.  The  abnormality  was 
found  12  times  on  both  sides,  6  times  on  the  left  only  and  once  on  the  right,  making 
1 9  cases  in  all.  Lagasse  and  Leremboure  (Ixxxviii.),  congenital  dislocation  of  the  hip 
observed  in  a  still-born  foetus.     The  pelvis  was  very  asymmetrical,  being  obliquely 
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oval,  the  left  side  atrophic.  Tlie  left  acetabulum  was  atrophied,  and  the  cotyloid 
ligament  flattened  posteriorly  by  the  pressure  exerted  upon  it  by  the  head  of  the 
femur.  The  capsule  was  relaxed  and  there  was  a  ligamentum  teres.  The  head  of 
the  femur  was  atrophied,  and  the  bone  itself  shorter  than  its  fellow.  The  head  lay 
on  the  posterior  part  of  the  cotyloid  ligament.  It  was  quite  clear  that  the  dislocation 
had  not  been  caused  by  any  accident  at  the  time  of  delivery.  Caubkrt  and 
Mkrcade  (Ixxxix.),  a  paper  on  congenital  hypertrophy  of  tlie  toes,  which  condition 
usually  affects  the  second,  whilst  in  macrodactyly  it  is  usually  the  third  digit  which 
suffers.     Antonelli  (xc),  a  case  of  partial  defect  of  tJiefibiUa, 
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AN  UNUSUAL  DISPLACEMENT  OF  THE  HEART.  By  David 
Waterston,  M.A.,  M.D.,  Senior  Devwiwtrator  of  Anatomy y  Uni- 
versity of  Edinhiirgh. 

The  specimen  which  showed  this  condition  was  obtained  by  Colonel 
Bannerman,  I.M.S.,  and  was  sent  by  him  to  Professor  D.  J.  Cunningham, 
who  kindly  gave  me  the  opportunity  of  examining  it. 

Though  the  specimen  is  very  incomplete,  on  account  of  the  circumstances 
in  which  it  was  obtained,  yet  it  clearly  shows  a  most  unusual  displacement 
of  the  heart,  and  for  that  reason  deserves  to  be  placed  on  record. 

The  history  attached  to  it  is,  that  the  specimen  was  obtained  from 
a  wild  teal  (Querquedula)  which  formed  one  of  a  bag  shot  (Nov. 
1904)  by  Mr  J.  Fisher,  Indian  Forest  Service,  in  the  Thana  jungles,  near 
Bombay.  The  animal  showed  no  trace  of  any  abnormality  externally,  and 
was  prepared  and  cooked  for  the  table ;  but  the  carver,  on  making  a  cut 
into  the  breast,  exposed  an  unusual  structure  lying  embedded  in  the 
substance  of  the  pectoral  muscles.  Recognising  that  there  was  some 
unusual  abnormality,  he  removed  the  pectoral  muscle  and  the  enclosed 
structure,  and  preserved  them  in  dilute  alcohol. 

The  specimen  as  it  came  under  my  observation  consisted  of  a  fleshy 
mass  about  2^  inches  long,  1  inch  wide,  and  J  inch  thick,  consisting 
principally  of  the  great  pectoral  muscle,  and  some  incisions  had  been 
made  which  subdivided  the  specimen. 

In  the  very  centre  of  the  muscular  mass  was  an  oval  cavity,  measuring 
J  of  an  inch  in  length  by  ^  inch  wide,  and  lying  in  this  hollow  was  a 
structure  which  there  was  no  difficulty  in  recognising  as  a  well-formed  avian 
heart.  No  fibrous  pericardium  was  present,  but  the  walls  enclosing  the 
cavity  were  smooth  and  polished  in  character,  and  the  surface  of  the  heart 
was  apparently  covered  by  a  smooth  epicardium.  The  heart  itself  appeared 
to  be  perfectly  normal,  and  from  its  anterior  end  gave  off  the  great  vessels, 
which,  however,  had  been  cut  short  and  could  not  be  traced. 

As  the  sternum  was  not  present,  I  had  no  opportunity  of  examining  its 
condition.     Mr  Fisher,  however,  made  the  following  note  regarding  it: — 

"The  breast  bone  .  .  .  was  normally  formed,  and  both  sides  alike. 
There  was  no  open  split,  and  I  don't  think  a  closed  one.  The  arteries 
passed   round   the  front  of  the  breast  bone  and  through  the  aperture  to 
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the  inside,  where  they  connected  with  the  lungs  on  the  inner  side  of  the 
backbone." 

I  am  not  aware  of  any  description  of  any  similar  condition,  and  the 
origin  of  the  misplacement  in  obscure. 

It  is,  however,  interesting  to  note  that  the  bird  was  apparently  quite 
able  to  take  to  flight,  and  that  the  movements  of  the  heart  were  not 
arrested  by  the  contractions  of  the  surrounding  muscular  tissue ;  and  this 
fact  was  specially  noted  by  Mr  Fisher,  who  states  that  the  bird  flew 
strongly,  and,  for  his  kind,  fast,  circling  about  for  some  five  minutes  before 
coming  in  his  direction. 
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ON  THE  ORIGIN  OF  VERTEBRATES,  DEDUCED  FROM  THE 
STUDY  OF  AMMOC(ETES.  By  Walter  H.  Gaskell,  M.D.,  LL.D., 
F.R.S.,  University  Lecturer  on  Physiology ;  Fellow  of  Trinity  Hall, 
Cambridge. 

Part  XIII. — The  Origin  of  the  Notochord  and  Alimentary  Canal. 

In  a  series  of  papers  published  in  this  Journal  I  have  developed  my  theory 
of  the  origin  of  vertebrates,  and  have  compared,  step  by  step,  every  organ 
in  the  arthropod  with  the  corresponding  organ  in  the  vertebrate,  and  shown 
how  one  after  another  each  has  fitted  into  its  right  place,  on  the  assumption 
that  the  arthropod  has  given  rise  to  the  vertebrate  without  any  reversal  of 
surfaces,  an  assumption  which  necessitates  the  formation  of  a  new  aliment- 
ary canal  for  the  vertebrate.  In  my  last  paper  I  gave  my  reasons  for 
believing  that  the  laws  of  embryology  did  not  run  counter  to  such  an 
assumption,  but  that  on  the  contrary  the  mode  of  development  of  the 
neural  canal  in  the  vertebrate  was  in  exact  accordance  with  that  of  the 
scorpion  alimentary  canal,  on  the  supposition  that  the  latter  no  longer 
functioned  as  an  alimentary  canal. 

All  that  remains  now  to  be  done  is  to  attempt  to  form  some  idea  how 
the  new  alimentary  canal  came  into  existence,  and  with  that  question  the 
formation  of  the  notochord  is  closely  associated :  for  in  this  respect  embry- 
ologists  agree.  The  two  structures  must  therefore  be  considered  together, 
and  as  according  to  the  hypothesis  they  are  both  new  structures  essentially 
belonging  to  the  vertebrate,  it  is  not  possible  to  adopt  the  comparative 
anatomy  plan  hitherto  used.  It  is  impossible,  therefore,  to  have  the  same 
feeling  of  surety  in  the  conclusions  drawn  as  in  the  case  of  all  the  other 
organs  hitherto  considered,  for  a  close  similarity  in  the  structural  and  topo- 
graphical anatomy  of  a  whole  series  of  organs  in  two  sets  of  animals  is  the 
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very  strongest  and  surest  foundation  for  a  genetic  relationship  between 
thase  two  sets  of  animals. 


The  Origin  of  the  Notochard. 

Any  suggestion,  then,  as  to  the  origin  of  the  notochord  is  on  a  different 
footing  to  the  rest  of  this  story;  all  the  organs  of  the  arthropod  liave 
already  been  allocated ;  where  the  notochord  is  situated  in  the  vertebrate 
there  is  nothing  but  a  gap  in  the  invertebrate,  but  the  position  of  that  gap 
can  be  settled  with  great  accuracy  from  the  previous  comparison  of  organs 
in  the  two  groups;  hence  it  is  possible  to  deduce  a  somewhat  plausible 
scheme  of  the  origin  of  the  notochord. 

Let  us,  then,  see  what  is  the  necessary  position  of  the  notochord 
according  to  the  scheme  advanced  in  previous  chapters. 

It  may  be  taken  for  granted  that  the  notochord  was  originally  a  tube, — 
a  tube  therefore  which  extended  from  the  infundibulum  to  the  end  of  the 
body  in  the  middle  line.  This  tube  moreover  was  situated  immediately 
ventral  to  the  whole  of  the  central  nervous  system  posterior  to  the  infundi- 
bulum. Translate  this  into  the  language  of  the  arthropod  and  it  denotes 
a  tube  on  the  mid- ventral  surface  of  the  body  w^hich  extended  from  mouth 
to  anus.  In  other  words,  the  mid-ventral  surface  of  some  arthropod 
ancestor  formed  for  some  purpose  a  tube  which  extended  from  mouth  to 
anus.     Is  there  any  evidence  that  such  a  tube  might  have  been  formed  ? 

As  already  frequently  stated,  Apus  and  Branchipus  are  the  two  living 
arthropods  which  most  nearly  resemble  the  extinct  Trilobites.  The 
beautiful  specimens  of  the  Triarthus  found  by  Beecher  give  an  idea  of 
the  under  surface  of  the  Trilobite  such  as  has  never  been  obtained  before, 
and  demonstrate  how  closely  the  condition  of  things  found  in  Apus  was 
similar  to  that  occurring  in  the  Trilobites.  In  both  cases  the  mid- ventral 
surface  of  the  animal  formed  a  deep  groove  which  extended  the  whole 
length  of  the  animal :  on  each  side  of  this  groove  in  Apus  are  closely  set 
the  gnatho-bases  of  the  appendages,  in  such  a  manner  that  the  groove  can 
be  easily  converted  into  a  canal  by  the  movements  of  these  bases, — a  canal 
which,  owing  to  the  great  number  of  the  appendages  and  their  closeness 
to  each  other,  can  be  completely  and  efficiently  closed. 

All  those  who  have  seen  Apus  in  the  living  state  assert  that  this  canal 
so  formed  is  actually  used  by  the  animal  for  feeding  purposes.  By  the 
movements  of  the  gnatho-bases  food  is  passed  up  from  the  hind  end  of  the 
animal  along  the  whole  length  of  this  ventral  canal  to  the  mouth,  where  it 
is  taken  in  and  swallowed.  In  this  way  Apus  has  been  seen  to  swallow  its 
own  eggs. 
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In  the  Trilobites  there  is  a  similar  deep  channel  formed  by  the  mid- 
ventral  surface,  similar  gnatho-bases,  and  closely  set  appendages,  and  the 
membrane  of  this  ventral  groove  was  extremely  thin. 

Here,  then,  in  the  very  group  of  animals  which  were  the  progenitora 
of  the  presumed  Palseostracan  ancestor  of  the  vertebrate — a  group  which 
is  characterised  by  its  extensive  prevalence  and  its  enormous  variety  of 
form  during  the  great  Trilobite  era — the  formation  of  a  mid-ventral  canal 
out  of  this  deep  ventral  groove  is  seen  to  be  not  only  easy  to  imagine,  but 
most  probable,  provided  that  a  necessity  arose  for  such  a  conversion. 

For  what  purpose  might  such  a  tube  have  been  formed  ?  I  would 
suggest  that  it  might  have  acted  as  an  accessory  food  channel ;  inefficiently 
in  all  probability  but  still  sufficiently  to  give  some  advantage  in  the 
struggle  for  existence  to  those  members  of  the  group  who  were  able  in  this 
way  to  supplement  their  intake  of  food. 

Three  points  may  be  urged  in  favour  of  this  view. 

1.  The  evidence  of  Apus  proves  that  food  does  pass  along  a  ventral 
channel  of  this  kind. 

2.  Miss  Alcock  has  proved  that  the  skin  of  the  surface  epithelium  of 
AmmoccBtes  and  of  the  cray-fish  has  the  power  of  digesting  fibrin ;  there- 
fore a  channel  so  formed  may  easily  have  possessed  digestive  powers. 

3.  The  evidence  of  the  Trilobite  proves  that  the  membrane  of  such  a 
channel  was  very  thin,  and  absorption  therefore  might  easily  have  taken 
place. 

Further,  again,  the  possibility  of  the  formation  of  such  an  adjuvant 
accessory  alimentary  canal,  at  a  time  when  the  growth  of  the  central 
nervous  system  was  severely  narrowing  the  calibre  of  the  ordinary  food 
passage,  would  be  increased  if  tlie  animal  in  question  fed  mainly  upon  the 
blood  of  other  animals;  for  such  food  requires  but  little  digestion,  and 
absorption  might  easily  occur  when  once  the  tube  was  formed. 

As  far  as  the  evidence  permits  us  to  judge,  it  seems  a  necessity  that  a 
tube  formed  in  such  a  way  as  suggested  should  have  been  formed  at  a  stage 
when  all  the  appendages  were  free  along  the  whole  length  of  the  body : 
before  therefore  the  formation  of  an  accessory  oral  chamber. 

Such  a  stage  would  be  represented  phylogenetically  by  a  late  period  of 
the  Trilobite  stage,  and  might  be  called  the  Trilobite  chordate  stage.  Its 
formation  would  be  represented  in  the  diagram  (figs.  lA,  1b). 

This  conception  that  the  notochord  originated  as  a  median  groove 
receives  support  from  the  evidence  of  its  origin  in  Amphioxus,  where  it 
originates  distinctly  from  a  groove  in  the  wall  of  the  future  alimentary 
canal.  Also,  if  the  notochord  arose  as  suggested,  it  arose  originally  as  a 
markedly  segmented  organ,  for  it  originated  from  the  segmented  ventral 
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surface  and  the  basal  parts  of  the  paired  appendages  of  the  animal.  On 
this  view  its  unsegmented  character  must  have  been  a  later  acquisition 
after  it  had  become  a  gut  tube. 


Nepk. 
App. 


Fig.  Ic.  Fir.  Id. 

Fig,  ]  a. —  Diagram  of  section  throagh  a  TrilobiM- like  animal. 

B.  —  Diagram  to  illustrate  the  suggested  fonnation  of  the  notochord  from  a  rcntnil  groove. 
c. — Diagram  to  illustrate  the  suggested  formation  of  the  post-branch ial  gut  by  the  contiDua- 
tion  of  the  same  process  of  ventral -RrooTS  formation,  combined  with  obliteratioD  of 
appendages  and  growth  of  pleural  folds. 
D.— Diagiam  to  illustiate  tha  completion  of  the  vertebrate  type  by  the   meeting  of  the 
pleural  folds  in  the  mid-ventral  line  with  the  obliteration  of  the  atrial  cavity  and 
the  conversion  of  the  ventral  groove  into  the  cloaed  alimentary  canal. 
Al.,  alimentary  canal  ;   jV.,  nervous  system  ;  i/>.,  myotome  ;   PI.,  pleuron  ;  App.,  appendage  ; 
Ntph.,    nephrocele;    MH.,    metaciele ;    Sd.,    segmental   duct;    Mes.,   mescnephios ;    v*(.,  atrial 
chamber  ;  tfc,  ootoehord  ;  H.,  heart ;  F.,  fat  body  ;  Ng.,  notochordal  groove. 

(These  diagrams  are  intended  to  complete  the  diagrams  on  p.  194  of  my  previous  paper,  Part  XI. 
of  this  series,  which,  as  stated  there,  were  purposely  left  incomplete. } 
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In  Aniphioxus  evidence  of  segmentation  has  been  found  of  a  cliaracter 
so  extraoixiinary  that  it  is  very  doubtful  what  its  meaning  really  is. 

At  intervals  fairly,  regular  the  sheath  of  the  chorda  is  interrupted  on 
each  side  of  the  mid-doi'sal  line  by  a  series  of  holes,  and  at  each  hole 
corresponding  bundles  of  fibres  are  seen  to  pass  to  the  surface  of  the  spinal 
coi-d  from  the  tissue  of  the  cord,  while  the  hole  in  the  sheath  is  filled  up 
with  fibres  passing  towards  the  spinal  cord  from  the  tissue  of  the  notochord 
itself.  The  appearance  resembles  a  series  of  paired  ventral  roots  to  the 
notochord  which  penetrate  the  sheath  to  pass  to  the  innermost  notochoixi 
tissue,  and  such  Miss  Piatt  ^  conceives  them  to  have  been.  On  the  other 
hand,  according  to  Joseph  '^  there  is  no  actual  passage  of  fibres  from  the 
spinal  cord  into  these  holes,  and  the  fibres  do  not  appear  to  be  nervous  in 
nature.  Still,  whatever  is  the  ultimate  verdict  as  to  tliese  fibres,  there 
remains  the  suggestive  fact  of  the  spaces  in  the  notochordal  sheath  and  of 
the  corresponding  projecting  root-like  fibres  of  the  spinal  cord.  The  whole 
appearance  gives  the  impression  of  some  former  connection,  or  rather  series 
of  connections,  between  the  spinal  cord  and  the  notochord  such  as  would 
have  occurred  if  nerves  had  once  passed  into  the  notochord.  On  the  other 
hand,  such  nerves  were  not  arranged  segmentiilly  with  the  myotomes,  for, 
according  to  Joseph,  in  the  middle  of  the  animal  ten  to  twelve  such  holes 
occur  in  one  body  segment. 

As  far,  then,  as  the  invertebrate  is  concerned,  it  is  not  out  of  the  ques- 
tion to  imagine  the  formation  of  such  an  accessory  food  channel. 

Turning  now  to  the  vertebrate,  the  evidence  here  is  still  more  in  support 
of  such  a  view,  as  is  seen  from  the  following  considerations. 

The  notochordal  tube  is  unsegmented,  although  the  vertebrate  is 
markedly  segmented.  But  in  all  segmented  animals  the  only  unsegmented 
tube  which  extends  the  whole  length  of  the  body  from  mouth  to  anus  is 
invariably  tlie  gut.  In  the  vertebrate  there  are  three  such  tubes:  (1)  the 
gut  itself,  (2)  the  central  canal  of  the  nervous  system,  and  (3)  the  noto- 
chordal tube. 

The  first  is  the  present  gut,  the  second  the  gut  of  the  inveiiebrate 
ancestor,  and  the  third  the  tube  in  question. 

Again,  the  structure  of  the  notochord  is  something  stti  (jenerin.  Its 
lumen  is  filled  up  with  a  tissue  which  has  nothing  whatever  to  do  with 
bone  or  cartilage  or  any  of  the  usual  supporting  tissues ;  a  tissue  whose 
only  counterpai-t,  hitherto  found  among  the  invertebrates,  occurs  invariably 
in  disused  portions  of  the  alimentary  canal.  Thus  in  Balanoglossus,  in 
Cephalodiscus,  in  Actinotrocha,  in  all  these  animals,  one  or  other  portion  of 

»  J.  B.  Piatt,  AnaL  Anzeujer,  7  Jahrgang,  1892,  p.  282. 
•^  H.  Joseph,  Zeitsch.f.  wissent.  ZooL,  vol.  lix.,  p.  611. 
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the  alimentary  canal  has  more  or  less  lost  its  lumen,  its  lining  cells  have 
become  vacuolated,  with  the  result  that  this  portion  of  the  canal  has  been 
converted  into  a  tissue  somewhat  resembling  that  of  the  notochord.  Such 
a  fetish  has  the  notochord  become,  that  actually  classifications  have  been 
based  on  this  resemblance  of  the  notochordal  tissue  to  degenerated  portions 
of  the  gut  of  these  animals,  regardless  of  the  fact  that  the  notochord  extends 
along  the  length  of  the  body  of  the  animal,  and  that  therefore  tissue  resem- 
bling that  of  the  notochord  found  in  isolated  diverticula  of  the  alimentary 
canal  of  some  or  other  invertebrate,  suggests  only  that  the  notochord  may 
have  once  functioned  as  an  alimentary  canal,  the  walls  of  which,  after  the 
cessation  of  such  functions,  have  become  converted  into  this  peculiar  tissue 
as  in  these  other  cases. 


Fio.  a.^DiBgram  to  allow  the  meeting  of  the  four  tubes  in  siicli  a  vertebrate  aa  the  lamprey. 
jVc, neural  canal  with  its  infundibnlar  termination  ;  Xck.,  uotocliord  ;  A/.,  alimentary  wnni 

with  its  sntcrior  divertionluin  ;  Hy.,  liypo[)liy9isl  or   nasal   tube  ;  Or.,  oral   chamber 

closed  b;  leptum. 

Thus  we  see  Aniphioxus  is  called  Cephalochorda  because  the  notochoi-d 
projects  beyond  the  central  nervous  system  ;  the  Tunicates,  Urochorda, 
because  it  is  confined  to  the  tail ;  the  Enteropneusta,  Hemichorda,  because 
this  tissue  is  confined  to  a  small  diverticulum  of  the  gut ;  Actinotrocha  and 
Phoronis,  Diplochorda,  because  two  separate  portions  of  the  gut  are  trans- 
formed in  this  way.  This  exaggerated  importance  given  to  any  tissue, 
lesembling  in  stmctuie  that  of  the  notochord.  is  believed  in  by  many  of 
those  who  profess  to  be  our  teachers  on  this  subject,  the  very  men  who 
can  deliberately  shut  their  eyes  to  the  plain  reading  of  the  story  of  the 
pineal  eyes,  and  say,  "  In  our  opinion  this  pineal  organ  was  not  an  eye 
at  all." 

The  only  legitimate  inference  to  be  drawn  from  the  similarity  of  struc- 
ture between  the  notochord  and  these  degenerated  gut  diverticula,  is  that 
the   structure   of   the   notochord  may  have  arisen   in  the  same  way,  and 
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therefore  the  iiotoehord  may  have  once  functioned  as  a  gut.  Yet  another 
circumstance  in  favour  of  this  suggestion  is  the  very  striking  position  of 
the  anterior  termination  of  the  notochord.  It  terminates  at  the  point  of 
convergence  of  three  structures : — 

(1)  The  tube  of  the  hypophysis  or  nasal  tube. 

(2)  The  infundibulum  or  old  mouth  termination. 

(3)  The  notochord  tube. 

To  these  may  be  added,  according  to  Kupfter,  in  the  embryonic  stage,  the 
anterior  diverticulum  of  the  gut  (fig.  2). 

This  is  a  very  significant  point.  Here  originally,  in  the  invertebrate 
stage,  the  olfactory  passage  opened  into  the  old  mouth  and  oesophagus. 
Here,  finally,  in  the  completed  vertebrate  the  same  olfactory  passage  opens 
into  the  new  pharynx.  In  the  stage  between  the  two  it  may  well  have 
opened  into  an  intermediate  gut,  the  notochordal  tube,  its  separation  from 
which  would  leave  the  end  of  the  notochord  blind,  just  as  it  had  already 
left  the  end  of  the  infundibulum  blind. 

The  Orif/in  of  the  Alimentai^  Canal, 

In  close  connection  with  the  notochord  is  the  alimentary  canal.  Any 
explanation  of  the  one  must  be  of  assistance  in  explaining  the  other. 

According  to  prevalent  embryological  teaching,  the  body  is  formed  of 
three  layers,  epiblast,  hypoblast,  and  mesoblast,  and  the  gastraea  theory  of 
the  origin  of  all  metozoa  implies  of  necessity  that  the  formation  of  every 
individual  commences  with  the  formation  of  the  gut.  For  this  reason  the 
alimentary  canal  must  in  every  case  be  regarded  as  the  earliest  formed 
organ,  however  late  in  the  development  it  may  attain  its  finished  appear- 
ance. Hence  the  notochord  is  spoken  of  as  developed  from  the  mid-dorsal 
wall  of  the  alimentary  canal.  It  is  possible  to  look  at  the  question  the 
other  way  round,  and  consider  that  organ  whose  development  is  finished 
first  to  be  older  than  the  one  still  in  process  of  making.  In  this  case  it 
would  be  more  right  to  say — A  ventral  extension  of  the  tissue,  which  gives 
rise  to  the  notochord,  takes  place  and  forms  the  alimentary  canal. 

It  is,  to  my  mind,  perfectly  possible,  and  indeed  probable,  that  the 
formation  of  the  vertebrate  alimentary  canal  was  a  repetition  of  the  same 
process  as  had  already  led  to  the  formation  of  the  notochordal  tube. 

The  formation  of  the  anterior  part  of  the  alimentary  canal  in  Ammo- 
ccetes  at  the  time  of  transformation  strongly  suggests  the  marked  similarity 
of  the  two  processes. 

Of  all  the  startling  surprises  which  occur  at  transformation,  this  forma- 
tion of  a  new  anterior  gut  is  the  most  startling.     From  the  oral  chamber  of 


312  Dr  Walter  H.  Gaskell 

Petroniyzon  two  tubes  start :  the  one  leads  into  the  gill  chambers,  is  known 
as  the  bronchus,  and  is  entirely  concerned  with  respiration ;  the  other  leads 
without  a  break  from  the  mouth  to  the  anus,  has  no  connection  with 
respiration,  and  is  the  alimentary  canal  of  the  animal.  Any  one  looking  at 
Petromyzon  would  say  that  its  alimentary  canal  was  absolutely  non-respira- 
tory in  character.  Before  transformation,  this  kind  of  alimentary  canal 
commences  at  the  end  of  the  respiratory  chamber,  from  here  to  the  anus  it 
is  of  the  same  character  as  in  Petromyzon,  but  in  Ammoccetes  the  non- 
respiratory anterior  part  simply  does  not  exist :  the  whole  anterior  chamber 
is  both  respiratory  and  affords  passage  to  food.  This  part  of  the  alimentary 
canal  of  the  adult  is  formed  anew.  We  see,  then,  here  the  formation  of  a 
part  of  the  alimentary  canal  taking  place  not  in  an  embryo  full  of  yolk, 
but  in  a  free-living,  independent,  grown-up  larval  form  in  which  all  yolk 
has  long  since  disappeared :  a  condition  absolutely  unique  in  the  vei-tebrate 
kingdom,  but  one  which  more  than  any  other  may  be  expected  to  give  a 
clue  to  the  method  of  formation  of  a  vertebrate  gut. 

The  formation  of  this  new  gut  can  be  easily  followed  at  transformation, 
and  was  originally  described  by  Schneider.  His  statement  has  been  con- 
firmed bv  Nestler,  and  its  absolute  truth  has  been  demonstrated  to  me 
again  and  again  by  Miss  Alcock,  in  her  specimens  illustrative  of  the  trans- 
formation process.  First,  in  the  mid-dorsal  line  of  the  respiratory  chamber 
a  distinct  groove  is  formed,  the  edges  of  which  come  together  and  form  a 
solid  rod.  This  solid  rod  blocks  the  opening  of  the  respiratory  chamber 
into  the  mid-gut,  so  that  during  this  time  of  the  transformation  no  food 
can  pass  out  of  the  pharyngeal  chamber.  A  lumen  then  begins  to  appear 
in  this  solid  rod  at  the  posterior  end,  which  steadily  advances  mouthwards 
until  it  opens  into  the  oral  chamber  and  thus  forms  an  open  tube  connecting 
the  mouth  with  the  gut. 

Here,  then,  is  the  foundation  of  a  new  gut  on  very  similar  lines  to  that 
of  the  notochord,  by  the  conversion  of  a  groove  into  a  tube:  still  more 
suggestive  is  it  to  find  that  the  tube  so  formed  has  no  appearance  whatever 
of  segmentation,  it  is  as  unsegmented  as  the  rest  of  the  gut,  although,  as  is 
seen  in  PL  III.  of  my  paper  on  the  origin  of  the  branchial  segmentation,^ 
the  dorsal  wall  of  the  respiratory  chamber  from  which  it  arose  is  as 
markedly  segmented  as  any  part  of  the  animal. 

Here  under  our  very  eyes,  in  the  course  of  a  few  days  or  weeks,  an 
object  lesson  in  the  process  of  the  manufacture  of  an  alimentary  canal  is 
carried  out  and  completed,  and  the  teaching  of  that  lesson  is :  a  gut  tube 
may  be  formed  in  the  same  way  as  the  notochord  tube,  by  the  conversion  of 
a  grooved  surface  into  a  canal,  and  that  gut  tube  so  formed,  like  the  noto- 

*  This  Journal,  vol.  xxxiii..  p.  154. 


Origin  of  Vertebrates  313 

chord,  loses  all  sign  of  segmentation,  even  although  the  original  grooved 
surface  was  markedly  segmented. 

The  suggestion  then  is,  the  new  gut  may  have  been  formed  by  a  repeti- 
tion of  the  same  process  which  had  already  given  origin  to  the  notochord. 

Let  us  consider  what  is  the  teaching  of  the  vertebrate  as  to  the  origin 
of  the  gut. 

Throughout  the  whole  argument  of  these  papera,  the  one  fixed  landmark 
to  which  all  other  comparisons  must  be  referred  is  the  central  nervous 
system.  The  innervation  of  the  gut  is  therefore  the  first  question  to  be 
investigated. 

At  the  very  outset  we  are  met  here  with  a  difficulty  which  is  not 
apparent  in  the  case  of  the  innervation  of  ordinary  striated  imiscle :  the 
difficulty  due  to  the  gut  being  innervated  with  inhibitory  as  well  as  motor 
nerves.  In  all  morphological  discussion  it  is  tacitly  understood  that,  with 
the  exception  of  the  heart,  the  phrase,  "  innervation  of  muscle,"  means  those 
nerves  which  cause  the  muscle  to  contract ;  those  which  cause  the  muscle 
to  relax  are  not  considered. 

In  the  case  of  the  alimentary  canal  physiological  research  has  shown 
that  the  inhibitory  nerves  may  arise  from  very  different  parts  of  the  central 
nervous  system  to  the  motor  nerves ;  therefore  any  morphological  argument 
applying  to  the  one  need  not  apply  to  the  other.  The  morphological 
meaning  of  an  inhibitory  nerve  is  at  present  difficult  to  understand;  the. 
presence  also  of  Auerbach's  plexus  along  the  whole  length  of  the  intestine, 
especially  in  view  of  the  recent  experiments  of  Magnus,  makes  it  still  more 
difficult  to  estimate  con-ectly  the  meaning  of  the  gut  innervation. 

If  the  attention  be  fixed  only  on  those  nerves  which  cause  contraction, 
the  motor  nerves  of  the  gut,  a  divstinctly  suggestive  state  of  affairs  is 
disclosed. 

The  whole  of  the  gut  to  the  end  of  the  small  intestine  is  innervated  by' 
the  vagus  nerve. 

The  whole  of  the  colon  and  rectum  is  innervated  from  the  sacral  region 
of  the  cord. 

Between  these  two  regions  a  small  band  of  muscle  is  found  constituting 
the  ileo-colic  sphincter — formerly  called  the  ileo-colic  valve — which  receives 
its  motor  supply  from  the  thoracic  region  of  the  cord. 

The  interpretation  of  this  striking  innervation  is  as  follows :  The  vagus 
is  the  branchial  nerve,  the  nerve  of  the  branchial  chamber ;  the  limit  of  its 
distribution  indicates  the  limit  of  the  extension  of  the  original  branchial 
area. 

The  large  intestine  with  its  innervation  from  the  sacral  end  represents 
the  cloacal  region,  and  the  independence  of  the  innervation  between  these 
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two  parts  of  the  gut  means  that  the  cloacal  region  has  always  been  entirely 
independent  of  the  branchial. 

Between  the  branchial  and  cloacal  regions  a  very  small  portion  existed 
confined  to  the  ileo-csecal  sphincter,  innervated  by  nerves  from  the  thoracic- 
lumbar  region  of  the  cord. 

Such  innervation  seems  to  me  to  suggest  that  originally  the  vertebrate 
consisted,  as  far  as  its  gut  was  concerned,  of  a  prosomatic  and  mesosomatic 
(branchial)  region,  close  behind  which  came  the  cloaca  and  anus.  Between 
the  two  there  was  a  short  metasomatic  region  (possibly  pronephric),  so  that 
the  respiratory  chamber  did  not  open  directly  into  the  cloaca. 

Such  an  interpretation  is,  I  think,  borne  out  by  the  study  of  the 
most  ancient  forms  of  fish.  In  Bothriolepis,  according  to  Fatten,  and  in 
Drepanaspis,  according  to  Traquair,  the  cloacal  region  and  anus  follow 
immediately  upon  the  posterior  end  of  the  head  shield,  i.e.  immediately 
after  that  region  which  presumably  contained  the  branchioB.  Similarly  on 
the  invertebrate  side,  all  those  forms  which  resembled  Liniulus  must  have 
possessed  a  very  short  region  between  the  branchial  and  cloacal  parts  of 
the  body.  The  original  cloacal  part  of  the  vertebrate  gut  may  well  have 
been  the  original  cloaca  of  the  arthropod,  into  which  its  intestine  emptied 
itself,  especially  when  we  see  the  tendency  of  the  scorpion  group  of  animals 
to  form  an  accessory  cloacal  pouch  known  as  the  stercoral  pouch  or  pocket. 

Again,  it  is  striking  to  see  how,  in  certain  of  the  scorpion  group,  e.g. 
Thelyphonus  and  Phrynus,  there  is  a  caudal  massing  of  the  central  nervous 
cells  as  well  as  a  cephalic  massing,  so  that  their  central  nervous  system  is 
composed  of  a  cephalic  and  caudal  brain.  These  two  brains  are  connected 
together  by  commissures  extending  the  whole  length  of  the  body,  in 
which  I  have  been  unable  to  find  any  sign  of  ganglion  cells.  What  this 
caudal  brain  innervates  I  do  not  know ;  it  is,  to  my  mind,  a  matter  worth 
further  investigation,  especially  as  there  are  many  indications  in  the  verte- 
brate that  the  lumbo-sacral  region  of  the  cord  possesses  higher  functions 
than  the  thoracic  region. 

The  suggestion,  then,  is  that  the  vertebrate  gut  was  formed,  as  far  as  its 
anterior  portion  was  concerned,  in  the  manner  already  sketched  out,  of  an 
oral  and  respiratory  chamber ;  between  the  termination  of  this  respiratory 
chamber  and  the  anus  a  short  tube  was  formed  connecting  the  respiratory 
part  of  the  new  gut  with  the  cloacal  part  of  the  old  gut. 

I  imagine  that  this  connection  was  originally  in  the  form  of  an  open 
groove,  as  already  explained  for  both  notochord  and  the  anterior  part  of 
the  gut  itself  in  Ammoccetes;  an  open  groove  formed,  again,  from  the 
mid-ventral  surface  of  the  body,  on  each  side  of  which  were  the  remnants 
of  the  pronephric  appendages.     By  the  closure  of  this  groove  ventrally  and 
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the  growing  round  of  the  pleural  folds,  as  already  indicated,  the  remains  of 
the  pronepln-ic  appendages  are  indicated  by  the  segmental  duct  and  the 
form  of  the  vertebrate  body  is  attained. 

Even  in  the  branchial  region  the  same  kind  of  thing  must,  I  think, 
have  occurred :  the  grooved  ventral  surface  became  a  tube  on  each  side  of 
which  were  lying  in  regular  order  the  insunk  branchial  appendages,  the 
whole  being  subsequently  covered  by  the  pleural  folds  to  form  an  atrial 
chamber.  A  tube  thus  formed  from  the  grooved  ventral  surface  would 
carry  with  it  to  the  new  ventral  surface  the  longitudinal  venous  sinuses 
and  thus  form  in  the  way  already  suggested  the  heart  and  ventral  aorta. 
Posterior  to  the  heart  in  the  pronephric  region,  the  same  process  would 
give  rise  to  the  subintestinal  vein. 

In  conclusion,  I  will  endeavour  to  illustrate  crudely  the  way  in  which, 
on  my  theory,  the  notochord  and  vertebrate  gut  may  have  been  formed ; 
the  agencies  at  work  being  in  the  main  two,  viz.,  the  dwindling  of 
appendages  as  mere  organs  of  locomotion,  and  the  conversion  of  a  ventral 
gi'oove  into  a  tube. 

I  imagine  that,  among  the  Protostraca,  forms  were  found  somewhat 
resembling  Trilobites  with  markedly  Polychaetan  affinities,  which  like  Apus 
possessed  a  deep  ventral  groove  from  one  end  of  the  body  to  the  other, 
and  also  pleural  fringes,  as  in  many  Trilobites.  This  might  be  called  the 
Trilobite  stage  (fig.  1a). 

This  „  groove  became  converted  into  a  tube  and  so  gave  rise  to  the 
notochord,  while  the  appendages  were  still  free  and  the  pleurae  had  not 
met  to  form  a  new  ventral  surface.  This  might  be  called  the  chordate 
Trilobite  stage  (fig.  1b). 

Then,  passing  from  the  Protostracan  to  the  Palseostracan  stage,  the  oral 
and  respiratory  chambers  w^ere  formed,  not  communicating  with  each 
other,  in  the  manner  described  in  these  papers,  a  ventral  groove  in  the 
metasomatic  region  being  the  only  connection  between  respiratory  chamber 
and  cloaca.     This  might  be  called  the  chordate  Palaeostracan  stage  (fig.  Ic). 

Finally,  with  the  conversion  of  this  groove  into  a  tube,  the  opening  of 
the  oral  into  the  respiration  chamber,  and  the  formation  of  an  atrium  by 
the  ventralwards  growth  of  the  pleural  folds,  the  formation  of  a  vertebrate 
was  completed  (fig.  Id). 

In  my  own  mind  I  picture  to  myself  an  animal  which  possessed 
Eurypterid  and  Trilobite  characters  combined,  in  \vhich  a  notochordal 
tube  had  been  formed  in  the  way  suggested,  and  a  respiratory  chamber 
which  communicated  with  the  cloaca  by  means  of  a  grooved  channel  along 
the  mid-ventral  line  of  the  metasomatic  portion  of  the  body.  On  each  side 
of  this  channel  were  the  remains  of   the   metasomatic   appendages   (pro- 
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iiephric).  The  wliole  was  enveloped  in  the  pleural  folds,  which  probably  at 
this  time  did  not  yet  meet  into  the  middle  line  to  form  a  new  ventral 
surface.  This  respiratory  chamber,  owing  to  the  digestive  power  of  the 
epidermis,  assisted  in  the  process  of  alimentation  to  such  an  extent  as  to 
supersede  the  temporary  notochordal  tube,  with  the  effect  of  bringing 
about  the  conversion  of  the  metasomatic  groove  into  a  closed  canal,  and 
so  the  formation  of  an  alimentary  tube  continuous  with  the  respiratory 
chamber.  The  amalgamation  of  the  pleural  folds  ventrally  completed  the 
process,  and  so  formed  an  animal  resembling  the  Cephalaspids,  Ammocoetes, 
or  Amphioxus. 

I  have  endeavoured  in  this  paper  to  make  some  suggestions  upon  the 
origin  of  the  notochord  and  the  vertebrate  gut  in  accordance  with  my 
theory  of  the  origin  of  vertebrates.  I  feel,  however,  strongly  that  these 
suggestions  are  much  more  speculative  than  those  put  forward  in  the 
previous  papers  of  this  series,  and  of  necessity  cannot  give  the  same 
feeling  of  soundness  as  those  based  directly  upon  comparative  anatomy 
and  histology.  Still,  the  fact  remains  that  the  origin  of  the  notochord  is 
at  present  absolutely  unknown,  and  that  my  speculation  that  it  may  have 
originated  as  an  accessory  digestive  tube  is  at  all  events  in  accordance  with 
the  most  widely  spread  opinion  that  it  arises  in  close  connection  with  an 
alimentary  canal. 

With  this  paper  I  propose  to  terminate  this  series  of  papers  in  this 
Journal.  I  am  aware  that  in  the  course  of  these  papers  I  have  promised 
at  some  time  to  consider  separately  the  vascular  and  lymphatic  systems 
and  the  external  covering,  and  I  still  hope  to  be  able  some  day  to  publish 
something  on  these  subjects.  At  present,  however,  I  am  engaged  in  putting 
the  whole  story  into  book  form,  and  until  that  is  accomplished  I  am  not 
likely  to  add  to  this  series.  Further,  the  shape  of  the  Journal  has  been 
altered  so  that  subsequent  communications  on  this  subject  would  no  longer 
bind  up  with  my  previous  parts. 

In  conclusion,  I  desire  to  thank  the  editors  of  the  Journal  of  Anatomy 
and  Physiology  for  their  true  scientific  spirit  in  so  freely  allowing  the 
columns  of  their  Journal  to  be  the  means  of  publication  of  a  series  of 
heretical  papers  at  a  time  when  it  seemed  to  me  it  would  otherwise  have 
been  difficult  in  England  to  get  a  hearing  at  all. 

The  series  in  question  consists  of  thirteen  parts,  published  as  follows :  — 

The  Origin  op  Vbbtbbratbs  deduced  from  the  Study  of  Ammoccetes. 

Part    I.  The  Origin  of  the  Brain.     Vol.  xxxii.  p.  513. 
„     II.  The   Origin   of    the   Vertebrate    Cranio-facial    Skeleton.     Vol.   xxxii, 
p.  553. 
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Part  III.  The  Origin  of  the  Branchial  Segmentation.     Vol.  xxxiii.  p.  154. 
„    IV.  The  Thyroid  or  Opercular  Segment :  the  meaning  of  the  Facial  Nerve 

Vol.  xxxiii.  p.  638. 
„      V.  The  Origin  of  the   Pro-otic  Segmentation :  the   meaning   of   the   Tri- 
geminal and  Eye-muscle  Nerves.     Vol.  xxxiv.  p.  465. 
,,     VI.  The  Old  Mouth  and  the  Olfactory  Organ :  the  meaning  of  the  First 

Nerve.     Vol.  xxxiv.  p.  514. 
„  VII.  The  Evidence  of  Proeomatic  Appendages  in  Ammocoetes,  as  given  by 

the  Course  and  Distribution  of  the  Trigeminal  Nerve.     Vol.  xxxiv. 

p.  537. 
„  VIII.  The    PalsBontological    Evidence :    Ammocoetes    a    Cephalaspid.      Vol. 

xxxiv.  p.  562. 
„    IX.  The  Origin  of  the  Optic  Apparatus  :  the  meaning  of  the  Optic  Nerves. 

Vol.  XXXV.  p.  224. 
„      X.  The  Origin  of  the  Auditory  Organ  :  the  meaning  of  the  Vlllth  Cranial 

Nerve.     Vol.  xxxvi.  p.  164. 
„    XI.  The  Origin  of  the  Vertebrate  Body-cavity  and  Excretory  Organs :  the 

meaning  of  the  Somites  of  the  Trunk  and  of  the  Ductless  Glands. 

Vol.  xxxvii.  p.  168. 
„  XII.  The  Principles  of  Embryology.     Vol.  xxxix.  p.  371. 
„Xiri.  The  Origin  of  the  Notochord  and  Alimentary  Canal.     Vol.  xl.  (third 

series,  vol.  i.)  p.  305. 


THE  CEREBELLUM  OF  PETROMYZON  FLUVIATILIS.  By  W.  B. 
Clark,  M.B.,  B.S.  Lond.  {From  the  Senckenhei'y  Neit/rological 
Institute ;  Director  —  Professor  Edinger,  Frankfurt  -a-  Main . ) 
(Plate  XXVIL) 

The  work  performed  at  the  Senckenberg  Neurological  Institute  at  Frank- 
fort is,  generally  speaking,  based  upon  the  following  principles :  "  There 
must  be  a  number  of  anatomical  mechanisms  which  are  alike  present  in  all 
vertebrates :  those  which  make  possible  the  simplest  expressions  of  the 
activity  of  the  central  nervous  system.  It  is  only  necessary  to  find  that 
animal,  or  that  stage  of  development  of  any  animal,  in  which  this  or  that 
mechanism  appears  in  so  simple  a  form  that  it  may  be  completely 
understood. 

"  Once  one  has  perfectly  established  anywhere  the  relation  of  such  a 
mechanism — e.g,  a  nerve  bundle  or  a  cellular  structure — one  is  usually 
able  to  readily  find  it  again,  even  where,  through  adventitious  matter,  it  is 
made  more  or  less  obscure.  The  discovery  of  such  fundamental  features  of 
brain  and  structure  appears  to  be  the  next  and  most  important  task  of 
brain  morphology.  Once  we  know  them,  it  will  be  easier  to  understand 
the  complicated  mechanisms  with  which  the  more  highly  organised  brain 
performs  its  function." 

In  accordance  with  this  train  of  thought,  I  have  investigated  the  bundles 
of  fibres  which  are  peculiarly  characteristic  to  the  cerebellum,  so  charac- 
teristic indeed  that  they  can  never  be  lacking  in  its  plan  of  construction. 
The  cerebella  of  mammals  and  birds,  being  highly  developed  organs,  are 
not  adapted  to  investigations  of  that  kind.  The  most  obvious  course  is 
that  of  studies  of  comparative  anatomy  on  a  broad  basis.  It  is  the  one 
adopted  by  Bianchi.  Since  in  his  work,  which  appeared  in  1903,  he  was 
enabled  to  fully  avail  himself  of  the  researches  of  his  predecessors,  especi- 
ally on  the  brains  of  fishes  and  amphibians,  I  only  mention  his  own  results. 
As  far  as  the  previously  existing  literature  on  the  subject  is  concerned,  I 
refer  the  reader  to  Bianchi  s  original  publication.  It  is  notably  the  cere- 
bellum of  the  Teleostians,  which  has  been  frequently  studied  since  Mayser, 
then  that  of  the  frog,  which  Wlassak  made  the  object  of  a  most  thorough 
investigation. 
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Bianchi   summarises   his   results.      In   fishes   he   found   the   following 
tracts : — 

Afferent  from   the  spinal  cord,  from   the   medulla,  from   the   spinal 

ganglia,  and  from  the  sensory  cranial  nerves  X.  to  V. 
Efferent  to  the  mesencephalon  and  thalamencephalon. 
In  amphibian^  taking  Bufo  vulgaris  as  an  example,  he  describes: — 
Afferent  fibres  from  the  spinal  posterior  nerve  ixx)ts  and  from  the  Xth, 
IXth,  Vlllth,  and  Vth  cranial  nerves  that  go  directly  to  the  cerebellum  and 
end  in  the  granular  layer.     Fibres  from  Clarke's  column  and  from  sensory 
nuclei  in  the  medulla,  entering  the  cerebellum  as  arcuate  fibres,  terminating 
in  the  medullary  layer  and  helping  to  form  the  plexus  rampicanti. 

Fibres  by  the  anterior  peduncle  to  the  mesencephalon  and  the  thalamen- 
cephalon, both  crossed  and  uncrossed,  and  fibres  to  the  tegmentum. 
These  he  again  summarises  into  two  fundamental  groups  : — 

Afferent  from  the  sensory  spinal  and  bulbar  nerves,  from  the  cells  of 
the  dorsal  columns,  and  from  the  sensory  region  of  the  bulb  and 
spinal  cord. 
Efferent  to  the  mesencephalon  and  thalamencephalon. 
In  hircls  he  describes  : — 

Afferent  from  the  posterior  and  lateral  columns. 
From  the  sensory  nuclei  of  the  medulla. 
Tecto-cerebellar  tract. 

C  Cerebello-thalamic  crossed. 
Efferent  -J  Cerebello-mesencephalic  direct, 
v  Descending  cerebello-spinal. 
Eldinger  (8)  has  tried  to  find  the  fundamental  structures  by  studying  a 
simple  but  highly  developed  brain,  namely,  that  of  a  shark  (Scylliitm  can  iculd). 
This  animal  is  admirably  suitable,  as  it  possesses  no  pons,  probably  no  olive, 
hence  no  olivary  tract  and  no  tracts  from  tlie  fore-brain  to  the  cerebellum. 
Though  at  first  sight  this  cerebellum  appears  to  be  a  somewhat  complicated 
structure,  it  is  in  reality  quite  simple,  compared  to  the  cerebella  of  the 
higher  vertebrates.     He  found  that  the  convolutions  consisted  of  a  simply 
built  lamina,  and  that  the  only  thing  to  complicate  it  was  the  existence  of 
a  nucleus  at  each  side,  just  at  the  entrance  of  the  brachia. 
He  describes  the  following  connections : — 

Anteriorly,  a  crossed  and  an  uncrassed  tract  to  the  thalamus. 
Posteriorly,  a  small  tract  to  the  bulb  and  spinal  cord,  and  probably  a 
v^entral  descending  tract  to  the  tegmentum.  But  the  great  bulk  of  the 
entering  fibres  comes  from  the  sensory  nerve  roots,  e.g.  Vth,  Vllth,  Vlllth, 
IXth,  and  Xth  cranial  nerves,  and  the  author  concludes  by  saying :  "  The 
cerebellum  of  the  Selachians  is  essentially  nothing  but  the  end  apparatus 
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of  the  direct  sensory  tracts,  and  all  other  fibres  which  connect  it  with 
other  parts  play  anatomically  only  a  small  role." 

The  course  which  I  have  pursued  is  not  the  comparative. 

There  are  cerebella  which  retain  the  simple  structure  of  an  embryonic 
lamina  all  through  life.  As  far  as  we  know,  this  thin,  unconvoluted  lamina 
which  bridges  over  the  medulla,  possesses  the  same  structure  in  all 
vertebrate  embryas.  Such  lamellated  cerebella  persist  throughout  life  in 
Petromyzon,  in  Amphibians,  and  in  the  Lacertidse.  Edinger  has  shown 
how  this  lamina  grows  and  gets  arched  dorsally,  forming  a  small  cerebellar 
lobe  in  the  swimming  reptiles  (crocodiles,  turtles,  etc.),  as  these  animals 
certainly  require  a  higher  degree  of  equilibration.  Already  in  fishes, 
Teleostians  and  Selachians,  the  simple  embryonic  lamina  has  given  way 
to  a  highly  convoluted  cerebellum,  probably  from  the  requirements  of 
equilibration,  but  in  all  amphibians  the  cerebellum  remains  in  the  em- 
bryonic state  throughout  life. 

A  large  number  of  nerve  fibres  which  enter  these  simple  cerebella  are 
without  a  medullary  sheath.  Hitherto  we  did  not  possess  any  means  of 
tracing  these.  Nowadays,  however,  we  are  enabled  to  stain  such  fibres  by 
the  admirable  nitrate-of-silver  methods  of  Ramon  y  Cajal  and  of  Biel- 
schowski ;  therefore  it  is  worth  retesting  the  accuracy  of  the  work  done  by 
E.  Gaupp  and  Wlassak  for  the  amphibians,  and  by  Edinger  (5)  for  the 
brain  of  the  lizard. 

All  we  have  learned  hitherto  about  the  connections  of  these  fibres  can 
only  be  a  part  of  the  whole.  I  myself  have  investigated  two  remotely 
different  species  by  means  of  the  Bielschowski  method,  i.e.  the  cerebellum 
of  Petromyzon  and  that  of  Siredon  pisciformis,  the  latter  a  little  less 
thoroughly  on  account  of  lack  of  material. 

The  first  description  of  the  structure  of  the  cerebellum  of  Petromyzon  that  I 
have  been  able  to  find  was  published  in  1879  by  JelenefF(l).  In  this  work  he 
describes  the  histology  of  the  cerebellum  but  not  its  connections.  He  describes  the 
cerebellum  as  consisting  of  two  parts,  an  outer  fibrous  layer  and  an  inner  cellular ; 
the  latter  consisting  of  an  epithelial  layer,  then  a  layer  of  round  cells  three  or  four 
deep,  then  a  regular  layer  of  large  cells  Avhich  he  regards  as  Purkinje  cells  of  the 
higher  vertebrates. 

Ahlborn's  (2)  classical  work  on  the  brain  of  Petromyzon  (1882)  does  not  describe 
the  histology  or  connections  of  the  cerebellum. 

In  the  same  year  Rohon  (4)  published  The  Origin  of  the  Nervus  Acuaticus  in 
Petromyzon.  In  this  work  he  surmises  the  existence  of  a  cerebellar  root  of  the 
Vlllth  nerve,  but  did  not  find  it. 

In  1899  Schaper  (3)  described  the  histology  of  the  cerebellum,  evidently 
not  knowing  of  Jeleneffs  work :  he  finds  much  the  same  structures  as  his 
predecessor  did. 

In  1902  Johnston  (6)  published  his  work  on  the  brain  of  Petromyzon,  based 
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chiefly  on  the  Golgi  method :  in  this  most  excellent  work  he  has  very  thoroughly 
described  the  histology  and  connections  of  the  cerebellum. 
He  describes  the  following  connections  :— 

Cereliellar  roots  of  the  Vth  (Vllth  and  Vlllth)  nerves. 

Tractus  lobo-cerebellaris  (Tr.  cerebello-thalamicus). 

Arcuate  fibres  running  ventrally  (Tr.  tegmento-cerebellar). 

Arcuate  fibres  running  to  unsulate  commissure. 

The  cerebellum  of  Petromyzon  consists  of  a  thin  lamina  bridging  over 
the  medulla  and  uniting  laterally  with  the  crista  acustica.  This  lamina 
consists  of  a  frontal  molecular  layer,  and  a  caudal  cellular  or  granular 
layer.  The  frontal  layer  is  composed  chiefly  of  the  processes  from  the 
Purkinje  and  other  cells.  Some  fibres  of  the  tracts  enter  here :  near  the 
middle  line  quite  a  plexus  of  fibres  is  formed.  The  granular  layer  consists 
caudally  of  a  row  of  epithelial  cells,  then  several  rows  of  round  cells,  and 
scattered  irregularly  among  the  round  cells,  and  partly  in  medullary  layer, 
are  the  large  (?)  Purkinje  cells.  Most  of  the  fibre  tracts  enter  this  part 
of  the  cerebellum.  We  have  nothing  to  add  to  Johnston's  histological 
description,  based  essentially  on  Golgi  preparations. 

The  cerebellum  is  connected  frontally  by  a  tract  to  the  thalamus,  and 
by  a  second  to  the  tectum  opticum  ;  caudally  it  is  connected  by  tracts  to  the 
bulb,  tegmentum,  and  probably  the  spinal  cord,  and  it  receives  also  the 
roots  of  the  large  cranial  sensory  nerves  (V.,  VII.,  VIII.,  and  'X.).  The 
trochlearis  entering  it  from  the  mid-brain,  lies  in  the  substance  of  the 
cerebellum,  not  anterior,  as  in  other  vertebrates :  it  runs  downwards  and 
backwards,  crosse^s  the  middle  line,  and  emerges  from  the  dorso-lateral 
aspect  of  the  cerebellum. 

Tractus  Cerebello-Thalamicus.    (Fig.  1.) 

This  is  a  small  tract  of  fine  fibres  which  seems  to  originate  from  a  group 
of  large  cells  indistinguishable  from  the  Purkinje  cells,  which  may  perhaps 
represent  the  dentate  nucleus  of  the  higher  vertebrates  (fig.  2).  It  leaves  the 
cerebellum  on  its  ventral  aspect  near  the  median  line,  and  runs  ventrally 
towards  the  thalamus,  where  it  crosses  the  middle  line  close  to  the 
decussation  of  the  oculo-motor  and  gets  lost  in  the  thalamus.  This  tract 
is  described  by  Johnston,  and  called  by  him  the  tractus  lobo-cerebellaris. 

Tractus  Tecto-Cerebellaris.    (Fig.  2.) 

This  tract,  which  is  a  fine-fibred  tract,  forms  the  chief  anterior  con- 
nection of  the  cerebellum,  and  lies  near  the  median  line.  Its  fibres  pass 
more  or  less  horizontally  from  tlie  tectum  at  the  level  of  the  deep  medullary 
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layer,  and  bend  dorsally  near  the  median  line  of  the  cerebellum.     This  tract 
is  not  described  by  Johnston,  in  fact  he  remarks  on  its  absence. 


Tractus  Tegmento-Cerebellaris.    (Fig.  1.) 

This  is  a  small  tract  of  fine  fibres  which  leaves  the  cerebellum  from  its 
ventral  and  internal  aspect  and  runs  almost  directly  ventrally  to  the 
median  line,  when  it  crosses  and  gets  lost  in  the  tegmentum  of  the 
oblongata.  This  tract  is  probably  what  Johnston  describes  as  the  arcuate 
fibres  that  run  directly  ventrally. 

Tractus  Spino-Bulbo-Cerebellaris.    (Fig.  3.) 

This  is  a  medium-sized  tract,  the  origin  of  which  is  very  hard  to  trace. 
It  probably  comes  from  the  spinal  cord :  this  I  have  not  been  able  to  make 
out  with  certainty,  but  it  certainly  comes  from  the  bulb.  Its  fibres  are  seen 
in  transverse  sections  as  a  bundle  running  dorsally  near  the  lateral  surface 
of  the  medulla,  external  to  the  tractus  tecto-spinalis  lateralis,  and  entering 
the  cerebellum  along  its  lateral  aspect :  a  considerable  portion  of  its  fibres 
cross  the  median  line. 

This  tract  does  not  appear  to  be  described  by  Johnston. 

Cerebellar  Root  of  Trigeminus. 

These  fibres  form  a  large  portion  of  the  medullary  layer  of  the 
cerebellum.  They  are  for  the  most  part  thick,  and  enter  the  cerebellum 
on  its  dorsal  and  external  surface.  They  form  part  of  the  caudal  con- 
nections, and  run  antero-intemally  to  the  middle  line,  where  they  cross  to 
the  other  side  and  end.  The  fibres  from  the  fifth  nerve  in  our  sections 
appear  to  come  entirely  from  the  big-root  fibres  lying  outside  the  medulla, 
and  no  tract  could  be  made  out  coming  from  fibres  lying  in  the  substance  of 
the  medulla,  as  described  by  Johnston. 

Cerebellar  Root  of  Sensory-Facial  and  Acustic  Nerves.     (Figs.  1,  3.) 

As  I  have  been  unable  to  differentiate  between  the  fibres  of  the  sensory- 
facial  and  the  acusticus,  going  to  the  cerebellum,  I  shall  describe  them 
together  and  refer  to  them  as  cerebellar  root  of  acusticus. 

This  tract,  which  consists  of  mediumly  large  fibres,  is  the  largest  tract 
entering  the  cerebellum.  The  fibres  enter  the  crista  acustica  just  posterior 
to  the  main  root  of  the  acusticus,  and  run  forwards  ventral  to  the  acustic 
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nucleus,  and  at  the  level  of  the  cerebellum  bend  inwards  to  enter  it  on  its 
ventral  aspect.  The  fibres  then  cross  the  middle  line  and  appear  to  end  by 
breaking  up  in  the  most  lateral  parts  of  the  cerebellum,  the  crossed  part 
lying  amidst  the  endings  of  its  fellow  of  the  opposite  side;  this  is  the 
biggest  decussation  in  the  cerebellum. 

As  there  is  no  nucleus  of  origin  to  be  found  in  the  cerebellum,  this  leads 
one  to  suppose  that  it  is  an  afferent  tract,  and  that  it  has  its  nucleus  of 
origin  in  one  of  the  peripheral  ganglia  of  the  acustic  nerve. 


Ganglion  Isthmi  and  Isthmo-thalamic  Tract.    (Fig.  1.) 

In  what  one  regards  at  first  glance  as  cerebellum,  but  which  is  just 
behind  it,  in  the  angle  it  forms  with  the  crista,  there  lies  a  large  nucleus 
consisting  of  six  or  eight  large  cells  and  a  number  of  smaller  ones,  from 
which  spring  two  sets  of  fibres,  thick  ones  and  fine  ones,  which  run  together, 
forming  a  large  tract  which  runs  obliquely  in  an  antero-ventral  direction 
across  the  base  of  the  mesencephalon,  crosses  the  middle  line  just  anterior 
to  the  third  nerve,  and  finally  breaks  up  into  a  plexus  round  a  large  mass 
of  cells  in  the  thalamus.  This  tract  appears  to  be  the  isthmo-thalamic 
tract  which  has  been  described  in  birds,  reptiles,  and  the  bony  fishes.  The 
nucleus  forms  the  ganglion  isthmi,  which  is  found  practically  throughout 
the  vertebrate  series.  Johnston  appears  also  to  have  seen  this,  nucleus  and 
tract.  He  regards  the  nucleus  (the  cells  of  which  he  describes  as  spindles) 
as  part  of  the  acustic  nucleus,  and  the  fibres  as  internal  arcuate  fibres.  The 
above  tract  is  included  under  the  connections  of  the  cerebellum,  though  it 
does  not  form  part,  because  of  its  close  relation  to  that  structure. 

The  cerebellum  of  Axolotl  is  very  similar  to  that  of  Petromyzon,  and  the 
tracts  connecting  it  are  also  very  similar. 

As  I  had  only  one  series  of  sagittal  sections  to  deal  with,  and  that 
stained  by  the  Weigert  haBmatoxylin  method,  I  was  unable  to  follow  out 
all  the  tracts.  I  could  not  distinguish  the  cerebellar  root  of  the  trigeminal, 
nor  the  tegmento-cerebellar  tract,  neither  could  I  find  any  trace  of  the 
isthmo-thalamic  tract,  and  the  cells  of  the  ganglion  isthmi  could  not  be 
differentiated  from  the  others  in  its  neighbourhood ;  but  perhaps  when  a 
specimen  is  stained  by  the  Bielschowsky  method,  these  tracts  and  cells 
may  be  distinguished. 

The  frontal  connections  are  the  same  as  in  Petromyzon,  tractus  tecto- 
cerebellaris  and  tractus  cerebello-thalamicus,  and  their  position  and  course 
are  also  very  much  the  same.  Caudally  the  cerebellar  root  of  the  acustic 
nerve  is  the  largest  connection,  and  the  fibres  are  somewhat  thick.  The 
only  other  caudal  connection  I  was  able  to  make  out  W9/S  a  tract  of  fairly 
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fine  fibres  coming  from   the  bulb  and  possibly  from  the  spinal  cord,  the 
tractus  spino-bulbo-cerebellaris. 

The  trochlearis  runs  through  the  cerebellum  very  similar  to  the  way 
it  does  in  Petromyzon. 

So  the  following  are  the  tracts : — 

Tractus  tecto-cerebellaris. 

Tractus  cerebello-thalamicus. 

Cerebellar  root  of  acusticus. 

Tractus  spino-bulbo-cerebellaris. 
Thus  we  find  in  Petromyzon  and  Axolotl  a  very  similar  arrangement  to 
that  in  Buf  o  and  Bana,  and  this  primitive  cerebellum  has  a  similar  plan  as  in 
the  large  cerebellum  of  Scyllium.  The  vast  majority  of  the  fibres  entering 
the  cerebellum  are  the  root  fibres  of  the  large  cranial  nerves ;  and  the  fibres 
from  the  spinal  cord,  at  any  rate  in  mammals,  when  they  can  be  followed  by 
degeneration  methods,  are  afferent  fibres  from  the  sensory  roots.  These 
fibres  are  received  by  the  cerebellum,  and  it  sends  out  a  few  small  tracts  to 
the  thalamus  and  tegmentum  oblongata;  therefore  I  may  conclude  that 
even  the  smallest  cerebellum  existent  is  essentially  a  sensory  centre. 
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DESCRIPTION  OF  PLATE  XXVII. 

Fig.  1. — Sagittal  section  through  the  brain  of  Petromyzon  near  the  middle  line, 
showing  course  of  isthmo-thalamic  tract  and  termination  of  its  fellow  of  the  opposite 
side  anterior  to  third  nerve.  The  tractus  cerebello-thalamicus  is  seen  throughout  a 
large  part  of  its  course  ;  the  position  of  the  fourth  nerve  in  the  cerebellum  and  the 
cerebellar  root  of  the  acusticus  are  also  shown. 
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Fig.  2. — Similar  to  Fig.  1,  but  nearer  the  middle  line  ;  only  tectum  opticum  and 
cerebellum  shown,  and  the  tractus  tecto-cerebellaris. 

Fig.  3. — Transverse  section  of  the  brain  of  Petromyzon  through  the  cerebellum 
and  bulb,  showing  the  cerebellar  root  of  the  acusticus  entering  cerebellum,  the 
course  of  the  tegmento-cerebellar  tract,  and  a  few  fibres  of  the  spino-bulbo-cerebellar 
tract. 

(The  above  three  were  stained  by  the  Bielschowsky  method.) 

Fig.  4. — Sagittal  section  of  the  cerebellum  of  Axolotl  stained  by  the  Weigert 
hsematoxylin  method.  This  section  shows  the  breaking  up  of  the  spino-bulbo- 
uerebellar  tract  in  the  cerebellum,  the  position  of  the  cerebellar  root  of  the  acusticus 
and  of  the  fourth  nerve,  and  the  cerebello-thalamic  tract  entering  the  cerebellum. 

(Drawings  by  Fraulein  Paula  Meyer.) 


REMARKS  ON  THE  INNERVATION  OF  THE  DORSUM  MANUS, 
WITH  SPECIAL  REFERENCE  TO  CERTAIN  RARE  ABNOR- 
MALITIES. By  W.  K.  HuTTON,  M.A.,  M.B.,  Lecturer  in  Re/jional 
Anatomy,  the  University  of  Glcbugoiv.     (Plate  XXVIII.). 

In  the  winter  session  of  1900-1,  while  dissecting,  for  demonstration 
purposes,  the  antieubital  hollow  in  the  right  arm  of  an  adult  muscular 
male  subject,  I  found  that  the  musculo-spiral  nerve  ended  solely  as  the 
posterior  interosseous  trunk,  and  I  thereupon  made  a  careful  examination 
of  the  nerve  supply  of  the  forearm  and  hand. 

The  following  description  of  the  abnormalities  revealed  by  this  investiga- 
tion is  taken  from  my  notes  and  figures  made  at  the  time.  These  I  had 
laid  aside,  intending  to  carry  out  a  more  extended  research  into  the  in- 
nervation of  the  back  of  the  hand  in  man  and  in  mammals,  but  the  pressure 
of  other  work  prevented  me  from  fulfilling,  meantime,  my  original  intention 
in  its  entirety.  I  am  therefore  tempted  to  publish  the  case  separately,  on 
account  of  its  unusual  and  interesting  character,  hoping  to  be  able  at  some 
future  period  to  make  use  of  the  numerous  dissections  I  have  made,  and 
of  the  conclusions  to  which  I  have  been  led. 

I  much  regret  that,  at  the  time  when  the  particular  dissection  which 
forms  the  subject  of  this  paper  was  made,  I  was  unaware  of  Brooks' 
(Intemat.  Joum,  of  Anat  and  Physiol,,  vol.  v..  No.  8,  p.  298)  recommenda- 
tions as  to  methods  useful  in  such  work,  and  dissected  the  cutaneous  nerves 
of  the  hand  in  the  usual  manner.  It  is  interesting  to  note  that  Brooks' 
suggestion  of  inverting  the  skin  was  long  ago  advocated  by  Hyrtl  in  his 
delightful  "Anatonfiie  des  Menschen.''  Speaking  of  the  Pacinian  bodies,  he 
says:  "Man  praparirt  sie  am  besten,  wenn  man  Haut  und  Fleisch  einer 
Fuss-sohle  hart  an  den  Knochen  loslost,  und  dann  von  innen  her  die 
Nervenstamme  gegen  die  Haut  verfolgt." 

The  distribution  of  the  musculo-cutaneous,  external  cutaneous  of  the 
musculo-spiral  and  ulnar  nerves,  was  as  follows : — 

Musculo-cutaneous, — This  nerve  appeared  in  the  forearm  in  its  normal 
position,  but  was  rather  larger  than  usual.  Lying  at  the  outer  side  of  the 
tendon  of  the  biceps,  it  passed  beneath  the  median-cephalic  vein,  and  at 
once  divided  into  two  branches,  anterior  and  posterior.  The  posterior,  the 
smaller  of   the  two,  passed  outwards  and  backwards  over  the  supinator 
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longus,  and,  coursing  downwards,  supplied  the  skin  on  the  radial  side  of 
the  posterior  aspect  of  the  forearm  as  far  as  the  posterior  annular  ligament. 
The  anterior  lay  along  the  ulnar  margin  of  the  supinator  longus,  and 
reached  the  radial  artery  at  the  insertion  of  the  pronator  teres.  Superficial 
to  the  vessel  it  paased  along  with  it  to  the  lower  end  of  the  radius,  in  its 
course  giving  off  numerous  small  twigs  for  the  supply  of  the  skin  over  the 
radial  aspect  of  the  front  of  the  forearm. 

Two  inches  above  the  insertion  of  the  supinator  longus,  a  subdivision 
of  this  nerve  into  anterior  and  posterior  offsets  took  place,  the  former 
division  passing  to  the  thenar  eminence,  the  latter  winding  backwards  over 
the  tendons  of  the  supinator  longus,  the  radial  extensors  of  the  carpus  and 
the  extensor  muscles  of  the  thumb.  The  first  of  these  branches  gave  off 
a  stout  twig  which  accompanied  the  superficial  volar  artery  to  the  palm ; 
it  was  traced  into  very  close  relation  with  the  ramifications  of  the  palmar 
branch  of  the  median  nerve,  but  did  not  actually  form  any  connection 
with  this  branch.  Passing,  then,  along  the  radial  side  of  the  thumb,  and 
shedding  off  twigs  both  to  the  dorsal  and  palmar  aspects  of  that  digit,  the 
main  branch  supplied  an  articular  twig  to  the  metacarpophalangeal  joint, 
and  finally  ended  in  a  brush  of  filaments  at  the  root  of  the  nail.  The 
ulnar  side  of  the  dorsum  of  the  thumb,  both  sides  of  the  index  and  middle 
and  the  radial  side  of  the  ring  finger,  were  supplied  by  branches  from  the 
posterior  subdivision  of  the  main  anterior  branch  of  the  musculo-cutaneous 
nerve,  in  the  following  way  (fig.  1,  A,  PI.  XXVIII.).  Two  branches  were 
supplied  to  the  thumb,  one  to  the  dorsum,  the  filaments  being  traceable  to  the 
level  of  the  meta<»,rpophalangeal  joint,  and  the  other  to  the  ulnar  side  of  the 
digit.  This  latter  terminated,  like  the  twig  to  the  radial  side,  in  a  number 
of  filaments  at  the  root  of  the  nail,  and  from  it  a  nerve  was  traced  to  the 
sheath  of  the  extensor  longus  pollicis.  The  twigs  supplied  to  the  index 
finger  were  traced  as  far  as  the  middle  of  the  second  phalanx,  but  there 
became  too  slender  to  follow  further ;  on  the  middle  finger  the  twigs  could 
be  followed  as  far  as  the  first  interphalangeal  joint,  while  the  filament  to 
the  radial  side  of  the  ring  finger  was  exceedingly  fine,  and  could  not  be 
traced  further  than  half-way  down  the  first  phalanx.  The  twigs  to  the 
index  and  middle  fingers  communicated  about  the  middle  of  the  first 
phalanx  with  the  volar  digital  branches  of  the  median  nerve. 

The  dorsal  aspect  of  the  ring  finger,  its  ulnar  side,  and  the  radial  side  of 
the  little  finger,  were  supplied  by  an  external  cutaneous  branch  (fig.  1,  B, 
PI.  XXVIII.)  of  the  musculo-spiral  nerve.  This  latter  nerve,  after  giving  off 
the  cutaneous  branches  to  be  afterwards  described,  terminated  in  the  outer 
part  of  the  antecubital  hollow  by  supplying  the  supinator  longus  and  the 
long  extensor  of  the  carpus,  ultimately  piercing  the  supinator  brevis  as  the 
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posterior  interosseous  nerve,  whose  relations  on  the  extensor  aspect  of  the 
forearm  were  normal  in  every  way.  Of  a  radial  nerve  proper  (ramus 
superficialis,  n.  rad.)  there  was  not  a  trace. 

Between  the  insertion  of  the  deltoid  and  the  outer  condyle  of  the 
humerus, /oiir  cutaneous  branches  became  superficial  between  the  brachialis 
anticus  and  outer  head  of  the  triceps.  Of  these  four,  two  were  small. 
Arising  higher  up  than  the  others,  they  coursed  downwards,  supplying  the 
skin  on  the  outer  side  of  the  arm  as  far  as  the  elbow  joint,  and  one  of  them, 
passing  in  front  of  the  epicondyle,  was  traced  about  half-way  down  the 
forearm  over  the  radial  extensors  of  the  carpus.  The  lower  two  branches 
took  up  a  position  between  the  olecranon  and  the  outer  condyle,  and  on  the 
back  of  the  forearm  were,  relatively,  radial  and  ulnar.  Both  gave  many 
twigs  for  the  supply  of  the  skin  over  the  back  of  the  forearm,  but  while 
the  radial  branch  terminated  in  filaments  over  the  posterior  surface  of  the 
metacarpal  region,  the  ulnar,  coursing  downwards  over  the  back  of  the  hand, 
broke  up  into  slender  branches  for  the  supply  of  the  ring  and  little  fingers 
(tig.  1,  B,  PI.  XXVIII.).  One  or  two  of  the  stoutest  filaments  could  be 
followed  as  far  as  the  bases  of  the  second  phalanges  of  both  these  digits. 

The  ulnar  nerve  supplied  its  usual  muscular  branches  and  palmar  offset, 
but  its  dorsal  twig  (fig.  1,  C,  PL  XXVIII.)  was  smaller  than  usual,  and 
after  furnishing  carpal  articular  branches  and  twigs  to  the  ulnar  side  of  the 
hypothenar  eminence,  this  branch  ended  by  distributing  filaments  to  the 
skin  on  the  ulnar  side  of  the  dorsum  of  the  little  finger  as  far  as  the  nail. 
No  twig  could  be  traced  to  the  radial  side  of  that  digit,  or  to  the  ring 
finger. 

In  the  case  above  recorded,  several  abnormalities  in  the  nervous  supply 
of  the  back  of  the  hand  appear  together,  some  of  a  rarity  much  greater 
than  others ;  and  although  examples,  somewhat  similar,  of  each  individual 
departure  from  the  normal  have  previously  received  the  attention  of 
anatomists,  their  simultaneous  occurrence  in  one  dissection  is,  so  far  as  I  am 
aware,  unique. 

The  relative  amount  of  skin  area  on  the  back  of  the  hand,  supplied 
usually  by  the  radial  and  dorsal  branch  of  the  ulnar  nerve,  is  of  variable 
extent,  as  the  researches  of  Brooks  (Intemat  Jmtm.  Anat  and  Physiol., 
vol.  v.,  No.  8,  p.  297),  Hedon  (same  Journal,  vol.  vi.,  Nos.  4  and  5,  p.  141), 
and  Zander  {Anat  Anzeiger,  Dec.  1889,  p.  751)  show,  with  very  full  detail, 
and  all  of  these  observers  agree  in  considering  that  a  portion  of  the  general 
area,  roughly  median  in  position,  receives  a  supply  derived  from  both 
nerves,  either  by  means  of  inter-crossing  fibres  or  by  anastomoses  between 
the  nerves.  The  three  papers  mentioned  deal  so  fully  with  this  point  that 
further   elaboration   seems  needless,  but  it  is  of   interest  to   note  in  this 
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connection,  that  part  at  least  of  this  debatable  area  is  supplied  in  the 
present  case  by  a  totally  distinct  nerve,  the  external  cutaneous  of  the 
musculo-spiral,  a  trunk  which  normally  takes  but  a  subsidiary  part  in  the 
innervation  of  the  hand.  Anastomosis  1  find  to  be  common  in  the  Simiidae, 
and  fig.  3,  PI.  XXVIII.,  from  a  Cercopithecus,  represents,  according  to 
my  investigations,  a  usual  arrangement.  It  will  be  seen  that  by  means 
of  three  anastomoses  the  ulnar  and  radial  sides  of  the  third  and  fourth 
fingers,  respectively,  receive  a  combined  nerve  supply,  and  that  moreover 
an  almost  plexiform  arrangement  of  the  filaments  obtains  throughout  the 
course  of  each  nerve  separately.  The  drawing  was  taken  from  a  dissection, 
under  water,  of  the  nerves  on  the  inverted  skin. 

To  return  to  variations  not  rare  in  the  innervation  of  the  human  hand, 
it  is  found  that  the  area  of  skin  supplied  by  the  dorsal  branch  of  the  ulnar 
nerve  is  seldom  increased — diminished  extent,  as  in  the  present  case,  being 
the  commoner  condition. 

A  notable  example  of  the  opposite  state  of  matters,  associated  with 
absence  of  the  radial  nerve,  is  put  on  record  by  Hepburn  (Jmim.  Anat,  xxi., 
p.  511).  So  far  as  I  am  aware,  this  case,  and  my  own,  afford  the  only 
recorded  examples  of  absence  of  the  radial  nerve,  and  the  abnormality  must 
therefore  be  of  the  greatest  rarity.  In  Hepburn's  example,  the  dorsal 
branch  of  the  ulnar  supplied  an  enormously  augmented  extent  of  skin.  All 
the  fingers  were  supplied  by  this  nerve,  while  the  musculo-cutaneous  was 
distributed  to  both  sides  of  the  thumb  and  to  the  thenar  eminence,  and  sent 
also  a  fine  twig  to  the  base. of  the  index  finger. 

The  external  cutaneous  branch  of  the  musculo-spiral  did  not  reach  the 
back  of  the  hand. 

For  the  purposes  of  comparison,  I  append  to  this  note  two  sketches 
(PI.  XX VIII. ),  fig.  1  showing  the  condition  met  with  by  myself  and  taken 
from  the  actual  dissection  at  the  time,  while  fig.  2  is  an  ideal  representa- 
tion, to  the  same  scale,  of  Hepburn's  case  imagined  from  the  printed  descrip- 
tion. If  now  these  sketches  be  compared  with  Hedon's  scheme  (Quain's 
Text-Book,  vol.  iii.,  pt.  ii.,  fig.  201,  B,  p.  306)  of  the  normal  nerve  distribu- 
tion, it  will  at  once  be  noted  that  my  own  case  and  Hepburn's  occupy 
positions  at  the  extremes  of  abnormality.  Both  record  total  absence  of 
the  radial  nerve,  whose  place  is  in  each  case  taken  by  the  musculo- 
cutaneous ;  but  while  in  Hepburn's  example  the  distribution  of  the  ulnar 
nerve  is,  as  regards  the  back  of  the  hand,  almost  total,  in  mine  its  dorsal 
branch  is  reduced  practically  to  the  minimum. 

Increase  in  the  normal  area  of  supply  of  the  musculo-cutaneous  has 
been  occasionally  observed.  "  H.  Virchow  and  Th.  KoUiker  describe  a  case 
in  which  it  gave  the  dorsal  digital  nerves  to  both  sides  of  the  ring  and  to 
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the  radial  side  of  the  little  finger  "  (Quain's  Text-Book^  vol.  iii.,  pt.  ii.,  p.  299), 
and  Hedon  (loc,  cit)  in  his  figure  indicates  that  the  skin  over  the  first 
interosseous  space  may  be  supplied  by  this  nerve  normally.  In  a  case  of 
congenital  shortening  of  the  radius  and  ulna,  with  total  ankylosis  of  these 
bones  to  the  humerus,  associated  with  imperfect  development  of  the  hand,  I 
found  the  skin  over  the  back  of  the  thumb  and  dorsum  of  the  diminutive 
hand  supplied  by  nerve  filaments  derived  from  a  union  of  the  musculo- 
cutaneous nerve  and  the  lower  of  the  two  external  cutaneous  branches  of  the 
musculo-spiral ;  but  such  a  marked  increase  in  the  area  of  distribution  of 
the  musculo-cutaneous  as  obtains  in  the  present  case  wholly  eclipses  this, 
and  apparently  has  hitherto  not  been  observed. 

As  regards  the  termination  of  the  external  cutaneous  branches  of  the 
musculo-spiral,  it  is  to  be  remarked  that  Hedon  (loc,  cit)  considers  that 
both  may  normally  be  traced  to  the  wrist,  and  Gegenbaur  {TraiU  d'Anatomie 
Humaine,  p.  1056)  says :  "  W.  Gruber  a  vu  ce  rameau  cutan^  externe 
s'^tendre  jusqu'aux  derniers  doigts  et  remplacer  les  nerfs  coUat^raux  dorsaux 
du  n.  cubital."  In  the  case  I  record,  the  normal  extent  is  very  markedly 
increased,  fully  one-third  of  the  skin  on  the  back  of  the  hand  being  supplied 
by  this  nerve. 

Finally,  apart  from  its  evident  great  rarity,  such  a  strongly  accentuated 
departure  from  the  normal,  as  the  one  above  described,  gains  an  added 
interest  from  the  following  consideration :  John  Goodsir,  in  his  short  but 
suggestive  paper,  "On  the  Morphological  Constitution  of  Limbs"  (Atixi- 
tmnical  Memoirs,  vol.  ii.,  p.  198,  et  seq,),  was  the.  first  to  point  out  the  serial 
metamerism  in  a  direction  pre-  and  postaxial  of  the  upper  limb;  and  as 
regards  the  nervous  segmentation  expressed  himself  as  follows :  "... 
but  it  appears  to  be  extremely  probable  that  in  the  mammalia  at  least  five 
spinal  nerves  transmit  filaments  to  the  five  distal  divisions  of  the  limbs.  It 
would  appear  too  that,  notwithstanding  their  plexiform  arrangement  at 
the  attached  end  of  the  limb,  the  greater  number  of  the  filaments  of  e<wh 
nerve  reach  their  own  morphological  district  at  tlie  distal  paH  of  the  limb. 
Tfte  radial  and  the  ulnar  nerves  are  formed  pHncipaUy  by  the  upper  and 
lower  roots  of  the  human  brachial  plexus — that  is,  from  the  nerves  of  the 
upper  and  lower  primordial  segments  with  which  the  embryo  limb  was  con- 
nected, and  from  which  it  derived  its  various  elements."  (The  italics  are 
mine.)  The  principle  enunciated  in  the  lines  which  I  have  italicised  has 
received  a  more  general  expression  by  Herringham  in  his  paper  on  the 
human  brachial  plexus  (Proc.  Roy,  Soc.y  xli.,  1886),  in  wliich  he  postulates 
that  "  of  two  spots  on  the  skin,  that  which  is  nearer  the  preaxial  border 
tends  to  be  supplied  by  the  higher  nerve."  Now,  in  the  normal  distribution 
of  the  nerves  to  the  back  of  the  hand,  that  portion  nearer  to  the  preaxial 
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side  of  the  limb  is  supplied  by  the  radial  nerve,  that  near  the  postaxial  by 
the  ulnar,  the  whole  area  being  as  a  consequence  supplied  from  pre-  to  postaxial 
borders  by  filaments  from  the  Vlth,  Vllth,  and  Vlllth  cervical  nerves  in  that 
order.  In  the  abnormality  recorded,  in  spite  of  the  absence  of  the  radial  nerve 
and  the  intrusion  of  the  external  cutaneous  branch  of  the  musculo-spiral,  the 
same  generalisation  holds  good ;  for  the  preaxial  side  of  the  hand  is  supplied 
by  the  musculo-cutaneous,  with  filaments  derived  from  the  Vth  and  Vlth 
nerves,  the  central  portion  by  the  external  cutaneous  of  the  musculo-spiral, 
with  fibres  from  the  Vlth  and  Vllth,  and  the  postaxial  border,  normally,  by 
fibres  arising  from  the  Vlllth  cervical. 

In  short,  in  place  of  the  normal  order  VI.,  VII.,  and  VIII.,  we  obtain 
v.,  VI.,  VII.,  and  VIII.,  a  higher  nerve  being  included  at  the  preaxial  border, 
and  the  series  remaining  unbroken. 


EXPLANATION  OF  THE  PLATE. 

Fig.  1. — Distribution  of  the  nerves  on  the  back  of  the  hand  in  a  case  of  absence 
of  the  radial  nerve.  Musculo-cutaneous  and  the  volar  branches  of  the  median  nerve, 
blue ;  external  cutaneous  of  musculo-spiral,  green  ;  dorsal  branch  of  the  ulnar  nerve, 
red.     For  reference  letters  see  text. 

Fig.  2. — Distribution  in  Hepburn's  case  of  absence  of  the  radial,  showing 
enormous  increase  in  the  area  supplied  by  the  dorsal  branch  of  the  ulnar.  (Same 
colouring.) 

Fig.  3. — Normal  scheme  of  innervation  in  a  Cercopithecus.  Radial  nerve,  blue  ; 
dorsal  branch  of  the  ulnar,  red ;  combined  nerve  supply,  black.  AA,  anastomoses 
in  the  radial  nerve ;  B,  anastomosis  in  the  ulnar  nerve ;  C,  anastomosis  forming 
the  combined  nerve  supply.     (From  a  dissection  under  water.) 


A  CASE  OF  ECTOPIA  VISCERUM,  ASSOCIATED  WITH  SPINA 
BIFIDA  AND  OTHER  ABNORMALITIES.^  By  Dr  E.  Emrys- 
RoBERTS  and  Professor  A.  Melville  Paterson,  Liverpool. 

The  subject  of  this  memoir  is  a  full-term  foetus,  bom  dead,  and  we  are 
indebted  to  Dr  E.  T.  Davies  of  Liverpool  for  the  opportunity  of  describing 
a  somewhat  rare  condition. 

The  father  of  the  child  died,  at  the  age  of  thirty-two,  two  months  before 
its  birth,  of  acute  phthisis,  accelerated  by  alcoholism.  The  mother  (iv.  para) 
is  a  healthy  woman  aged  thirty  years.  Her  three  preceding  children  were 
healthy  and  normal  in  every  respect.  There  was  no  noticeable  feature 
about  the  pregnancy  or  labour.  On  the  arrival  of  the  accoucheur,  the 
membranes  had  already  ruptured,  and  the  viscera  and  a  hand  were  pre- 
senting. During  strong  expulsive  pains  delivery  was  accomplished,  the 
dead  fcetus  being  expelled  with  some  force.  The  viscera  and  trunk  came 
first,  then  the  lower  extremities,  which  were  acutely  flexed  on  the  spine, 
followed  by  the  shoulders  and  head,  and  lastly,  the  membranes  and  placenta. 

External  Appearances.    (Fig.  1.) 

The  body  of  the  child  measures  9  inches  from  head  to  perineum.  The 
head  and  limbs  are  well  formed,  but  the  trunk  is  in  a  position  of  acute 
opisthotonos,  the  legs  embracing  the  scalp  posteriorly.  A  spina  bifida  in 
the  lumbo-sacral  region  forms  a  fluctuating  swelling  the  size  of  a  hen's 
egg.  In  the  middle  line  of  the  perineum  is  a  blind  proctodoeal  depression ; 
on  the  left  side  of  the  thigh,  on  the  level  of  this  depression,  is  a  small 
pedunculated  papilla,  and  on  the  right  thigh  there  is  a  corresponding  sessile 
elevation  (fig.  3).  The  amnion  is  attached  to  the  skin  along  an  oval  margin 
extending  from  the  thorax  to  the  lower  part  of  the  abdomen,  and  forms  a 
large  sac  completed  by  its  attachment  to  the  placenta,  and  containing  the 
abdominal  viscera,  the  pericardium  and  heart,  and  the  left  lung. 

Placenta  and  Membranes.    (Figs.  1  and  2.) 

The  placenta  is  discoidal  and  measures  6x5  inches.  Its  foetal  surface 
is  covered  by  the  amnion,  which  at  the  margin  of  the  placenta  becomes  con- 

^  Read  before  the  Anatomical  Society,  January  19, 1906. 
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tinuous  with  the  other  fcetal  membranes  and  lines  the  amniotic  sac.  The 
amnion  is  reflected  off  the  placenta  near  its  centre,  at  the  attachment  of  the 
umbilical  vessels,  and  becomes  the  wall  of  the  ectopic  sac,  attached  to  the 
body  wall   of   the   fcetus  along  an   oval   line   already   referred   to.     The 


KiG.  1. — Photograiih  of  the  specim«n  as  received. 

umbilical  vessels  (one  artery  and  one  vein)  are  carried  from  the  ftKtus  to 
the  placenta  in  the  hinder  part  of  the  wall  of  this  sac.  The  placental  end 
of  the  8a«  is  adherent  at  several  places  to  the  amnion  covering  the  fcetal 
surface  of  the  placenta  by  means  of  delicate  septal  bands. 

There  are  thus  two  distinct  and  separate  cavities:  (1)  the  coelomic 
cavity,  the  pleuro-peritoneal  cavity  of  the  fcetus,  and  the  ectopic  sac,  which 
represents  the  persistence   of  the   extra-embryonic  coelom ;    and   (2)   the 
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Fio.  2. — Diagrammatic  repruduction  of  the 

through  the  tnink  and  ectojiic  cavity. 

of  the  abdominal  cavity. 

A,  aplna  blAda:  B,  pericardium;  C,  left  luns;  D,  itoimich :  B,  ncHntary;  F.  aniall 

intutlnf  ;  O.  CKcal  poncli  and  left  (ppeDdage  ;  H,  llvsr^  1,  placenta;  K.  Dmblllal 

the  •plaal'  conl ;  M.,  proctoduial  receat :  N,  cluacai  papilla:  O,  termlnatloti  of 
IntiMlne:  P.  bladder-lTke  dllaUtlnii ;  Q,  burder  of  tnUrnal  cloaca;  B,  eitenial 
cloaca]  opening ;  3,  cloacal  cavity  and  opening  o(  bliidder.lllis  dilatation. 
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cavity  of  the  amnion  itself,  in  which  the  foetus  and  the  ectopic  sac  are 
contained. 

External  cloaca, — Between  the  two  cavities  is  a  natural  opening  or 
external  cloaca  (fig.  3).  This  is  a  median  longitudinal  fissure  five-eighths  of 
an  inch  in  length,  which  occurs  chiefly  in  the  amnion,  but  also  encroaches 


I 


Fig.  3.  — Drawing  of  the  perineal  region,  to  show  the  proctodoemn, 
external  cloaca,  and  genital  papillae. 

on  to  the  skin  for  about  a  quarter  of  an  inch.  It  lies  three-quarters  of  an 
inch  in  front  of  the  proctodoeal  depression.  It  not  only  forms  a  natural 
communication  between  the  amniotic  cavity  and  the  coelom,  but,  as  will 
be  described  later,  it  is  also  in  relation  to  the  opening  of  the  internal 
cloaca. 

AhdmninAxi  wall, — The  two  halves  of  the  abdominal  wall,  widely 
separated  from  one  another  and  forming  on  each  side  the  foetal  attachment 
of  the  ectopic  sac,  consist  of  the  following  muscles  and  their  aponeuroses : 
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(1)  obliquus  extemu8,  with  an  attachment  above  to  the  tifth,  sixth,  and 
seventh  ribs  and  below  by  a  membranoua  band  to  the  hip-bone :  possessing 
a  well -developed  aponeurosis,  which  serves  for  the  attachment  of  the  serratus 
magnus,  peetoralis  major,  pyramidalis  and  atemalia;  (2)  obliquus  intemus, 
inserted  by  an  aponeurosis  into  the  border  of  the  eighth  costal  cartilage,  and 
into  the  skin-amnion  jimction ;  (?)  transversal  is,  arising  from  the  eighth, 
ninth,  and  tenth  costal  cartilages  and  inserted  into  the  skin-amnion  junction ; 


,J.U; 


(     / 


///// 


(4)  rectus  abdominis,  narrow  and  rounded,  with  an  upper  attachment  to 
the  third  costal  cartilage,  and  a  lower  attachment  by  a  long  narrow 
tendon  into  the  pubis;  (5)  pyramidalis,  a  long  narrow  muscle  lying 
superficial  to  the  rectus  abdominis  in  its  lower  third;  (6)  sternalis,  a  well- 
developed  muscle  on  both  sides  in  the  same  plane  as  the  pyramidalis,  and 
superficial  to  the  pectoralis  major  and  rectus  abdominis. 


The  EkTTOPic  Sac  and  its  Contents. 
The  ectopic  sac  was  ruptured  at  the  time  of  delivery,  but  its  wall  is 
nevertheless  complete.     The   deep   surface  of   the  external  cloaca  is  seen 
to  possess  a  puckered  margin  (fig.  4),  which  is  joined  on  each  side  by  the 
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edges  of  the  internal  cloaca.  This  is  a  narrow  slit  opening  from  the 
cloaca  into  the  cceloin.  It  is  almost  completely  filled  up  by  the  projection 
into  it  of  a  prominent  papilla.  A  probe  passed  through  the  opening 
enters  in  the  middle  line  into  the  end  of  the  intestinal  canal,  while  on  either 
side  of  the  papilla  into  the  cavity  of  a  thick-walled  muscular  sac  which 
on  dissection  resembles  a  bladder  in  structure.  The  connection  of  the 
margins  of  the  external  cloaca  and  internal  cloaca  thus  allows  a  probe, 
passed  through  the  external  cloaca,  to  pass  either  into  the  coelom  or 
through  the  ccjelom  into  the  internal  cloacal  opening. 

The  interior  of  the  ectopic  sac  is  lined  by  a  serous  covering  continuous  and 
identical  with  the  peritoneum.  In  the  wall  of  the  sac,  as  already  noted, 
the  right  umbilical  artery  and  vein  course  to  the  placenta.  There  is  no 
trace  of  left  umbilical  vessels.  The  right  artery  passes  an  eighth  of  an  inch 
from  the  right  side  of  the  external  cloaca.  The  vein  is  half  an  inch  further 
out. 

The  interior  of  the  sac  includes  the  peritoneal  cavity,  and,  on  account 
of  a  deficiency  of  the  left  half  of  the  diaphragm,  the  rudimentary  left 
pleural  sac.  On  the  left  side  the  pleuro-peritoneum  is  prolonged  upwards 
w^ithin  the  costal  margin  for  only  a  short  distance.  It  forms,  in  addition, 
a  small  blind  pouch  or  further  prolongation  at  the  root  of  the  left  lung. 
The  right  pleural  sac  is  completely  isolated,  and  will  be  described  in  the 
account  of  the  thorax. 

The  contents  of  the  ectopic  sac  and  pleuro-peritoneal  cavity  are:  the 
lower  two -thirds  of  the  pericardium  and  heart,  the  left  lung,  stomach, 
spleen,  liver,  and  intestines.  Attached  to  the  posterior  abdominal  wall  are 
the  kidneys,  genital  glands,  pancreas,  duodenum,  blood-vessels,  and  the 
structures  involved  in  forming  the  cloacal  cavity. 

The  Diaphragm. 

The  right  half  of  the  diaphragm  forms  a  continuous,  fibro-muscular  par- 
tition separating  the  right  pleural  cavity  from  the  abdominal  cavity.  It  is 
pierced  by  the  inferior  vena  cava,  and  is  covered  by  peritoneum  on  its 
abdominal  aspect.  lis  muscular  fibres  arise  from  three  peripheral  origins : 
(1)  anteriorly  and  on  the  right  side,  from  the  costal  margin,  (2)  and 
(3)  posteriorly  from  the  vertebral  column  by  two  bundles  of  muscular  fibres 
separated  from  one  another  by  a  plexiform  mass  of  sympathetic  nerves 
and  lymphatics  which  lie  on  the  right  side  of  the  aorta.  It  is  supplied  by 
the  right  phrenic  nerve. 

The  left  half  of  the  diaphragm  is  represented  by  a  muscular  bundle  which 
arises  from  the  under  surface  of  the  left  ninth  costal  cartilage,  and  passes 
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between,  first,  the  left  side  of  the  oesophagus  and  left  lung,  and  then  between 
the  liver  and  the  pericardium  on  the  one  hand  and  the  stomach  on  the  other 
hand,  to  blend  with  the  connective  tissue  of  the  small  omentum  and  the 
hilum  of  the  liver.     It  is  supplied  by  the  left  phrenic  nerve. 


Peritoneal  Folds. 

The  liver  possesses  a  well-marked  falcifum  ligament  (in  the  free  edge  of 
which  the  right  umbilical  vein  courses),  and  distinct  right  and  left  lateral 
ligaments  connecting  it  to  the  diaphragm. 

The  stomach  is  connected  to  the  liver  by  a  small  omentum.  The  great 
omentum  extends  from  its  greater  curvature  and  blends  below  with  the 
root  of  the  mesentery  proper,  which  encloses  the  coils  of  the  small  intestine. 
A  short  septal  band  of  peritoneum  attaches  the  border  of  the  fundus  of  the 
stomach  to  the  wall  of  the  sac  between  the  left  lung  and  suprarenal 
capsule. 

The  spleen  is  covered  entirely  by  peritoneum,  and  is  attached  to  the 
fundus  of  the  stomach  by  a  gastro-splenic  omentum  and  to  the  posterior 
abdominal  wall  by  a  lieno-renal  ligament. 

The  lesser  sac  is  well  developed,  and  communicates  with  the  greater  sac 
by  means  of  a  large  foramen  of  Winslow. 

Abdominal  Viscera. 

The  oesophagus  enters  the  abdomen  between  the  two  halves  of  the 
diaphragm. 

TJie  stomach  is  well  developed,  and  possesses  a  distinct  pylorus.  The 
duodenum  is  normal  in  position  and  curvature  and  is  of  large  calibre. 

The  jejttmtm  and  iletmi  together  measure  26  inches  in  length.  For  22 
inches  the  calibre  of  the  tube  is  uniform.  It  then  dilates,  ultimately 
narrowing  again  at  its  termination.  The  interior  of  the  tube  in  its  whole 
length  is  provided  with  well-marked  valvulse  conniventes. 

Tervfiination  of  the  small  intestine, — Half  an  inch  from  the  internal 
cloaca  the  small  intestine  ends  in  an  enormously  dilated  cajcal  pouch, 
measuring  2  by  IJ  inches  (fig.  4).  It  is  slightly  sacculated  on  its  exterior, 
and  is  situated  on  the  right  side  of  the  lower  part  of  the  abdominal  cavity. 
Behind  it  is  a  large  ileo-csecal  pouch  of  peritoneum,  bounded  by  a  fold  of 
peritoneum  by  which  the  caecal  pouch  is  connected  with  the  mesentery. 
On  each  side  of  the  junction  of  the  small  intestine  with  the  caecal  pouch 
is  a  small,  sacculated  and  curved,  appendix.  This  csecal  pouch  communicates 
by  a  narrow  neck  with  the  upper  end  of  the  cavity  of  the  cloaca. 
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Attached  to  its  dorsal  wall  is  a  thick  fibrous  cord  partially  enveloped  in 
muscular  fibres,  which  is  directed  dorsally,  narrowing  as  it  goes,  to  be 
attached  chiefly  to  the  tip  of  the  coccyx.  Behind  the  coccyx  it  is  con- 
tinuous with  another  cord — a  prolongation  from  the  sac  of  the  spina 
bifida. 

The  first-named  cord  represents  a  post-anal  gut.  Along  with  the  pro- 
longation from  the  spina  bifida  the  structure  constitutes  the  remains  of  the 
neurenteric  canal.  The  interior  of  the  c«ecal  pouch  is  lined  by  a  mucous 
membrane,  which  presents  numerous  fine  rugosities. 

The  liver  is  large  and  irregular.  Its  parietal  surface,  convex  and  kidney- 
shaped,  is  wholly  covered  by  peritoneum,  and  is  in  contact  with  the 
abdominal  wall,  right  half  of  the  diaphragm,  and  pericardium.  It  possesses 
no  peritoneal  folds. 

The  visceral  surface  of  the  liver  presents  numerous  fissures.  The 
fissure  for  the  gall-bladder  extends  from  the  anterior  border  of  the  liver 
to  the  hilum.  To  the  left  of  this  is  a  superficial  fissure,  representing  the 
anterior  portion  of  the  longitudinal  fissure  and  the  position  of  the  (absent) 
left  umbilical  vein.  The  hilum  and  its  vessels  and  ducts  are  normal.  The 
gall-bladder  is  small.  The  fissure  for  the  ductus  venosus  is  a  deep  fissure. 
It  attaches  part  of  the  small  omentum,  and  receives  the  muscular  fibres  of 
the  rudimentary  left  half  of  the  diaphragm.  The  fissure  for  the  inferior 
vena  cava  is  also  deep.  It  lies  behind  the  spigelian  lobe,  and  has  three 
peritoneal  folds  connected  with  it :  the  right  and  left  lateral  ligaments,  and 
the  falcifum  ligament.  A  deep  notch  occurs  on  the  posterior  border  of  the 
liver  for  the  entrance  of  the  right  umbilical  vein.  The  several  lobes  of  the 
liver  can  be  readily  made  out :  the  spigelian  lobe  is  especially  prominent, 
projecting  for  over  an  inch  into  the  lesser  sac,  behind  the  stomach  and 
duodenum. 

The  portal  vein  is  normal.  On  entering  the  hilum  it  forms  a  large 
sinus,  and  divides  into  right  and  left  branches.  The  left  branch  is  in 
continuity  with  the  ductus  venosus,  which  connects  it  to  the  inferior  vena 
cava  in  the  usual  way.  As  already  said,  there  is  no  trace  of  a  left  umbilical 
vein.  The  right  branch  of  the  portal  vein  becomes  embedded  in  the  liver, 
where  it  is  joined  by  the  right  umbilical  vein.  This  vein,  after  coursing 
over  the  posterior  abdominal  wall,  enters  the  free  edge  of  the  falcifum 
ligament;  passing  over  the  right  kidney,  it  enters  the  liver,  and  after  a 
course  of  half  an  inch  opens  into  the  right  branch  of  the  portal  vein. 

Tlie  Hpleen  cuid  pancreas  are  normal  in  position  and  relations. 

The  right  kidvey  ami  suprarenal  capsule  lie  on  the  posterior  abdominal 
wall,  covered  over  by  peritoneum.  Both  are  related  to  the  liver,  falcifum 
ligament,  duodenum,  and  the  caecum.     The  hilum  of  the  kidney  occupies  its 
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anterior  surface.  The  ureter  descends  vertically  to  terminate  in  a  muscular 
cul-de-sac,  which  communicates  with  the  cavity  of  the  cloaca. 

The  left  kidney  and  suprai^enal  ccqysule  are  separated  by  peritoneum 
from  the  spleen,  left  lung,  and  the  lesser  sac  of  the  peritoneum.  The  lieno- 
renal  ligament  is  attached  to  the  kidney.  The  ureter  has  an  origin,  course, 
and  termination  just  as  on  the  right  side.  The  renal  vessels  will  be 
described  later. 

The  genital  glands  are  similar  on  the  two  sides :  each  is  attached  by 
a  peritoneal  fold  to  the  lower  end  of  the  kidney.  The  gland  is  ovoid  in 
shape,  laterally  compressed,  and  about  half  an  inch  in  length.  It  is  divisible 
into  two  parts :  a  basal  part,  soft  and  yellowish  in  colour  and  covered  by 
glistening  peritoneum,  and  a  smaller  portion,  separated  by  a  marginal 
fissure,  brownish  in  colour,  rough  and  wrinkled. 

Tfie  genital  duct  has  a  different  course  and  termination  on  the  two  sides. 
The  right  duct  is  represented  by  a  fibrous  cord  which  passes  downwards 
and  outwards  to  the  groin.  It  pierces  the  tissues  of  the  abdominal  wall, 
and  merges  with  a  strong  band  of  fascia  atts/ched  to  the  pubis  ( ?  Poupart  s 
ligament).  The  left  duct  is  pervious.  It  passes  downwards  over  and 
internal  to  the  left  ureter,  and  ends  by  joining  a  thick,  glandular  ma^s 
(  ?  prostate)  placed  behind  the  cloacal  chamber.  Each  genital  gland  is 
supplied  by  branches  from  the  renal  vessels. 

Cloaca, — Below  the  termination  of  the  intestine,  with  its  caecal 
dilatation  and  bilateral  appendices,  a  slit- like  opening  about  half  an  inch  in 
length  occurs  in  the  ventral  wall  of  the  cloacal  cavity,  which  allows  of  a 
communication  with  the  ccelom.  This  is  the  internal  cloacal  orifice.  Its 
margins  are  continuous  above  with  the  anterior  margin  of  the  opening  of 
the  gut,  and  below  with  the  sides  of  the  external  cloacal  orifice  (fig.  2). 
The  opening  is  almost  completely  filled  up  by  the  projection  into  it  of  a 
cloacal  papilla,  which  projects  from  the  dorsal  wall  of  the  cloacal  chamber 
and  divides  it  into  two  lateral  parts.  The  papilla  possesses  f raena,  superior 
and  inferior.  The  superior  frsenum  passes  upwards  to  the  left  side  of  the 
opening  of  the  gut :  the  inferior  fraenum  descends  in  the  middle  line  to  the 
orifice  of  the  cloaca.  The  lateral  walls  of  the  cloacal  chamber  are  thick 
and  muscular,  and  form  on  each  side  a  small,  almost  spherical,  hladder-like 
sac  which  opens  into  the  cavity  of  the  cloaca  on  each  side  of  the  papilla 
by  a  wide,  slit-like  mouth.  Each  of  these  sacs  is  covered  over  anteriorly  by 
peritoneum,  and  each  receives  at  its  upper  pole  the  termination  of  the 
ureter. 

Behind  the  dorsal  wall  of  the  cloacal  chamber,  above  the  side  of  the 
cloacal  papilla  and  below  the  attachment  of  the  post-anal  gut,  and  between 
the  urinary  diverticula,  is  a  solid  median  glandular  mass,  resembling  the 


Ectopia  Viscerum,  associated  with  Spina  bifida,  etc.  341 

prostate  glctnd.  It  intervenes  between  the  post-anal  gut  and  the  proctodoeal 
diverticulum,  and,  as  already  noted,  receives  the  termination  of  the  left 
genital  duct. 

The  cloacal  papilla  attached  to  the  dorsal  wall  of  the  cloacal  chamber 
has  a  clubbed  and  fissured  extremity  which  projects  through  the  internal 
cloacal  opening.  On  dissection  the  papilla  is  found  to  be  composed  of  a 
dense  mass  of  fibrous  tissue,  and  it  contains  in  its  centre  a  gradually 
narrowing  fibrous  coixl,  easily  detachable  from  its  surroundings,  and  trace- 
able into  continuity  with  a  narrow  tube  which  finally  opens  on  the  surface 
of  the  perineum  as  the  proctodcBal  depression. 

The  perineum. — The  pubic  bones  are  widely  separated  from  one  an- 
other. The  two  ischia  are  connected  together  by  a  strong,  fibro-muscular 
septum,  which  separates  the  spina  bifida  sac  from  the  ischio-rectal  fossae. 
This  sheet  is  pierced  in  the  middle  line  by  a  fibrous  cord  which  extends 
from  the  spina  bifida  sac  to  the  tip  of  the  coccyx.  The  proctodoeal  depres- 
sion lies  between  the  two  ischio-rectal  fossae.  It  is  half  an  inch  in  depth 
and  forms  a  cylindrical  tube  continued  into  the  narrowing  fibrous  cord 
already  described  as  penetrating  and  ending  in  the  substance  of  the 
cloacal  papilla.  On  each  side  is  the  levator  ani  muscle,  behind  which  is  the 
coccygeus.  The  pudic  vessels  and  nerves  traverse  the  outer  wall  of  the 
fossa.  In  addition,  a  fibrous  band  comparable  to  the  triangular  ligament 
and  muscular  bundles  corresponding  to  the  transversus  perinei  and  com- 
pressor urethrae  can  be  made  out,  in  front  of  the  proctoda^um,  between 
the  widely  separated  pubic  bones. 

Abdominal  Vessels. 

Tlie  abdominal  a.orta  (fig.  5)  is  a  short  vessel.  At  the  level  of  the 
kidneys  it  gives  off  several  visceral  branches  which  divide  to  supply  the 
kidneys,  suprarenal  capsules,  genital  glands,  and  spleen.  Other  arteries 
which  weie  cut  entered  the  mesentery  to  supply  the  gut.  On  the  left  side 
d  slender  artery  arises  which  soon  divides  into  two :  one  branch  was  cut ; 
the  other  is  the  pudic  artery,  which  courses  along  the  left  side  of  the  sacrum, 
supplies  the  perineum,  and  terminates  in  the  cloacal  papilla.  On  the  right 
side  also  the  pudic  artery  is  a  direct  branch  of  the  aorta. 

The  external  iliac  arteries  arise  differently  on  the  two  sides,  The  left 
artery  arises  from  the  common  trunk  from  which  the  renal,  genital,  supra- 
renal, and  splenic  arteries  arise ;  the  right  artery  arises  from  the  aorta, 
just  above  the  origin  of  the  pudic  artery.  These  two  veasels  supply  sub- 
ordinate branches  to  the  buttocks,  and  proceed  onwards  to  the  lower  limbs, 
to  form  the  femoral  arteries.     The  internal  iliac  arteries  arise  directly  from 
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the  aorta,  and  are  distributed  to  the  pelvic  viscera.  The  aorta,  finally,  after 
giving  off  a  minute  middle  sacral  artery,  terminates  as  the  right  utnhilical 
artery,  which,  passing  behind  the  end  of  the  intestine,  is  conducted  to  the 
placenta  in  the  wall  of  the  ectopic  sac. 

The  inferior  vena  cava  is  formed  between  the  kidneys  by  the  union 
of  the  renal  veins  with  several  veins  ascending  from  the  pelvis.  Lying 
on  the  surface  of  the  right  kidney,  it  ascends  between  the  right  and 
spigelian  lobes  of  the  liver  to  the  diaphragm,  the  right  half  of  which 
it  pierces. 

There  is  a  well-marked  solar  plexus  in  relation  to  the  abdominal  aorta, 
from  which  branches  supply  the  adjacent  viscera. 

Spina  bifida.    (Figs.  2  and  6.) 

The  spina  bifida  forms  a  tumour  as  large  as  a  hen's  egg  in  the  lumbo- 
sacral region  of  the  spinal  column. 

On  removing  the  skin  covering  the  tumour,  a  thick-walled  muscular 
bag  is  disclosed,  formed  by  the"  gluteal  muscles  fused  together  and  extend- 
ing over  both  buttocks,  and  pinned  down  laterally  to  the  hip-bones  and 
femora  by  muscular  and  tendinous  fibres  corresponding  to  the  attachments 
of  the  glutei.  This  bag  is  connected  to  the  spinal  column  above,  and  is 
limited  in  the  middle  line  below  by  deep  transverse  muscular  fibres. 

The  removal  of  this  bag  from  its  attachments  discloses  the  sac  of  the 
spina  bifida,  and  on  each  side  the  hip-joint  with  the  sciatic  and  other  nerves 
coursing  through  the  buttock. 

The  sac  of  the  spina  bifida  is  spherical,  and  measures  two  inches  in  length 
by  one  and  a  half  inches  in  width.  As  it  emerges  from  the  aperture  formed 
by  the  deficient  spinal  laminae  of  the  last  thoracic,  lumbar,  and  sacral 
vertebra;,  it  is  seen  to  be  continuous  with  the  dura  mater  covering  the 
spinal  cord.  The  posterior  pole  of  the  sac  is  continued  onwards  in  the 
middle  line  near  its  basal  attachment  as  a  thick  fibrous  cord  half  an  inch  in 
length,  which  is  attached  to  the  tip  of  the  coccyx,  and  is  continuous  with 
the  cord  representing  the  post-anal  gut  (neurenteric  canal):  the  lower 
spinal  nerves  pierce  the  basal  portion  of  the  sac. 

On  opening  this  sac  of  dura  mater,  it  is  found  to  contain  a  second  large 
sac  formed  by  a  tough  yellow  layer  of  fibrous  tissue,  smooth  and  glistening 
on  its  inner  surface  and  filled  with  a  slightly  turbid  fluid  (fig.  2).  This  is 
the  distended  central  canal  of  the  spinal  cord,  clothed  by  pia  mater.  On  the 
left  side  it  is  adherent  to  the  arachnoid  and  dura  mater,  which  have  to  be 
stripped  off  to  expose  it.  On  the  right  side  it  is  almost  entirely  free,  so  that 
there  is  a  large  subarachnoid  space.     In  two  places  on  the  right  side  the 
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arachnoid  and  dura  mater  are  separated  so  as  to  constitute  two  separate 
subdural  spaces  HUed  with  fluid. 

In  the  floor  of  this  sac  are  two  openings  occupying  the  middle  line,  and 
half  an  inch  apart.     The  upper  one  is  a  narrow  channel  which  communi- 


Fio.  C— Showing  the  sac  or  the  apina  bifidu  emerging  '">"'  the 
spinal  canal  (S.  B.),  the  fiiBion  of  the  riba  on  the  left  side, 
the  Reiion  of  Che  vertebral  column,  and  tlie  projection  of  tJie 
pericardinni  and  heart  below  the  coatal  aroh. 

cates  with  the  central  canal  of  the  cord.  The  lower  one  forma  a  tubular 
prolongation  half  an  inch  in  depth,  continued  into  the  fibrous  cord  above 
mentioned,  which  is  attached  to  the  coccyx. 

The  roots  of  the  lower  spinal  nerves  are  attached  to  the  base  of  this 
sac  in  three  situations :  (1)  to  the  sides  of  the  upward  prolongation ;  (2)  to 
the  floor  of  the  sac ;  (3)  the  last  nerve,  which  is  very  minute,  arises  by  two 
roots  from  the  lower  tubular  prolongation  close  to  its  termination.     The 
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dorsal  and  v^entral  roots  of  the  nerves  remain  separate  until  they  have 
pierced  the  dura  matral  sac. 

The  spinal  cord  itself  ends  in  relation  to  the  last  complete  neural  arch, 
the  laminae  of  the  last  thoracic  vertebra?  being,  as  already  noted,  deficient, 
to  allow  of  the  passage  of  the  neck  of  the  sac. 

Hydr()cephaliL,H, — The  external  appearances  of  the  skull  gave  rise  to  no 
suspicion  of  the  presence  of  any  hydrocephalus,  and  in  opening  the  cranium 
there  was  no  accumulation  of  fluid  in  the  cavity  of  the  dura  mater. 

There  were  some  adhesions  (1)  in  the  posterior  fossa  where  the  cerebellum 
and  medulla  were  adherent  to  the  tentorium  cerebelli  and  the  dura  mater 
lining  the  posterior  fossa,  and  (2)  between  the  falx  major  and  the  corpus 
callosum. 

The  cerebral  hemispheres  were  richly  convoluted,  but  the  separating 
sulci  were  shallow.  The  walls  of  the  hemispheres  were  extremely  thin  and 
the  cavities  of  the  lateral  ventricles  were  distended  by  a  quantity  of  fluid. 
The  brain  was  so  soft  and  friable  that  a  more  detailed  examination  was 
unfortunately  impossible. 

Vertebral  Column,  Ribs,  and  Sternum:  Thoracic  Cavitv. 

In  consequence  of  the  ectopia  and  the  spina  bifida,  the  vertebral  column, 
ribs,  and  sternum  are  subject  to  remarkable  abnormalities. 

1.  Vertebral  column. — The  irregularities  in  structure  are  confined  to 
the  thoracic,  lumbar,  and  sacro-coccygeal  regions  (figs.  6,  7,  8). 

The  cervical  vei-tebrae  are  normal  in  all  respects. 

The  thoracic  vertebra?  present  a  remarkable  series  of  abnormalities. 

This  part  of  the  column  is  markedly  concave  in  the  forward  direction, 
particularly  in  its  lower  part  (fig.  2),  which  results  in  peculiarities  in  the 
component  vertebrae  and  also  in  the  ribs  of  the  right  side. 

The  bodies,  pedicles,  and  laminae  of  the  thoracic  vertebrae  are  very 
irregular,  and  do  not  agree  together  in  number  or  arrangement  (fig.  7). 
The  bodies  of  the  first  three  vertebrae  are  separate  from  one  another,  and 
each  has  a  large  median  centre  of  ossification.  The  bodies  of  the  remain- 
ing thoracic  vertebrae  (except  the  last)  are  represented  by  an  elongated 
cylindrical  mass  of  cartilage  in  which  are  embedded  three  centres  of 
ossification.  The  intermediate  centre  is  the  largest,  and  appears  to  represent 
tlie  fusion  of  two  or  more  osseous  centres.  The  body  of  the  last  thoracic 
vertebra  is  small  and  wedge-shaped,  and  does  not  extend  as  far  as  the  right 
border  of  the  vertebral  column.     It  possesses  a  separate  centre  of  ossification. 

The  arches  of  the  thoracic  vertebrae  are  extremely  irregular,  especially 
on  the  right  side.     The  pedicles  of  the  vertebra?  number  eleven  on  the  left 
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side,  ten  on  the  right  side.     (On  the  right  side  the  first  lumbar  vertebra 
possesses  a  double  pedicle  perforated  by  a  foramen.)    On  the  left  side  these 
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Fio.  7. — Front  viaw  of  the  vertebral  column,  showing  the 
fusion  and  irregularity  of  tlie  vertebrie.  On  each  side 
a  reconstruction  is  given,  siiowing  tlie  relatione  of  the 
resiiecUve  pedicles  (P)  to  the  laminie  (L)  and  tlie 
bodies  (B) 


pedicles  corroapoiid  to  a  similar  number  of  tranaverae  processes,  ribs  and 
lamiiiie.  Tlie  laniiniB  alone  are  abnormal,  in  their  doi-sal  connections,  Tlie 
thii'd  and  ninth  laminte  fail  to  join  the  laminae  of  the  opposite  side,  and 
the  eleventh  lamina  is  deficient  at  the  level  of  the  neck  of  the  sac  of  the 


Ectopia  Viscerum,  associated  with  Spina  bifida,  etc.  347 

spina  bifida  (fig.  8).  On  the  right  side  the  arches  are  more  irregular,  and 
the  pedicles  (and  transverse  processes)  do  not  correspond  to  eitlier  bodies 
or  laminae.  Not  only  is  the  eleventh  pedicle  incorporated  with  the  first 
lumbar  vertebra,  but  the  others  are  abnormal  also.  The  body  of  the  second 
thoracic  vertebra  bears  two  pedicles,  of  which  the  first  is  rudimentary  and 
is  connected  with  no  lamina.  The  fused  mass  below  the  third  thoracic 
vertebra  cairies  six  pedicles,  each  associated  with  a  separate  lamina,  of 
which  the  last  is  deficient  in  relation  to  the  neck  of  the  sac  of  the  spina 
bifida.  In  other  words,  the  thoracic  vertebrae  are  doubtful  in  number ;  there 
are  eleven  pedicles  on  each  side  (the  eleventh  on  the  right  side  being  incor- 
porated with  the  first  lumbar  vertebra) ;  there  are  eleven  laminae  on  the  left 
side  and  nine  on  the  right  side,  the  last  in  each  case  being  deficient  opposite 
the  emergence  of  the  spina  bifida ;  and  there  are  eleven  ribs  on  each  side, 
crowded  together  alongside  the  compressed  and  curved  column,  and  corre- 
sponding not  to  the  bodies,  but  to  the  pedicles  of  the  series  of  thoracic 
vertebras. 

The  lumbo-sacral  portion  of  the  vertebral  column  presents  a  remarkable 
convexity  in  a  forward  direction,  most  prominent  in  the  lumbar  region. 

The  lumbar  vertebrae  are  four  in  number,  each  with  a  separate  body  pos- 
sessing a  large  median  centre  of  os.sification,  separate  transverse  processes, 
and  imperfect  laminae.  The  pedicle  and  transverse  process  of  the  first  lumbar 
vertebra  on  the  right  side  is  double,  and  is  perforated  by  a  foramen.  The 
upper  portion  represents  the  pedicle  and  transverse  process  of  the  last 
thoracic  vertebra.  The  imperfect  laminae  of  these  vertebrae  help  to  bound 
the  neck  of  the  sac  of  the  spina  bifida. 

The  sacrum  and  coccyx  are  fused  together  in  one  cartilaginous  mass. 
There  are  six  irregular  centres  of  ossification,  and  the  end  of  the  coccyx  is 
hooked  forwards  and  to  the  right  side.  The  anterior  surface  is  slightly  con- 
vex, and  the  iliac  bones  articulate  with  the  first  three  sacral  vertebrae. 
The  neural  arches  of  all  the  vertebrae  are  deficient,  and  with  the  last 
thoracic  and  the  lumbar  laminae  help  to  bound  the  space  containing  the 
spina  bifida. 

The  curvature  of  the  vertebral  column  is  one  of  the  most  remarkable 
features  of  this  region.  Its  causation  is  obscure.  It  is  more  than  doubtful 
if  it  is  due  to  the  persistence  of  the  embryonic  curve  described  by  His  (11) 
and  others.  It  is  probably  ascribable  to  the  weakness  of  the  spinal  column 
produced  by  (1)  the  deficiency  of  the  neural  arches  associated  with  the 
occurrence  of  the  spina  bifida,  and  (2)  the  deficiency  of  the  abdominal  wall 
and  the  rotation  of  the  lower  limbs  due  to  the  ectopia.  It  is  the  direct 
cause  of  a  remarkable  disposition  of  the  thoracic  wall  next  to  be  described. 

Ihoracic  and  abdominal  walls, — There  are  marked  abnormalities  on 
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the  walls  of  the  thorax  and  abdomen,  and  the  diaphragm  is  deficient  on  the 
left  side,  so  that  the  left  pleural  sac  is  practically  absent,  and  the  left  lung 
is  abdominal  in  position. 

Thmikx,  riJ)^,  and  xtfirnum. — The  stemuiu  is  rudimentary:  the  ribs, 
eleven  in  number  on  each  side,  present  a  remarkable  flattening  on  the  left  side 
on  account  of  the  collapse  of  the  left  wall  of  the  thorax  (fig.  10).  On  the 
right  side  (figs.  6,  9),  wliere  tliere  are  a  separate  pleura  and  lung,  the  ribs 
have  a  well-rounded  curve,  but  are  compressed  and  fused  together  (in 
consequence  of  the  bending  of  the  vertebral  column). 

The  vertebral  connections  of  the  ribs  correspond  to  the  pedicles  and  not 


Flo.  8.— The  laminte  of  the  thoracie 
vartdbrfE,  with  their  rib  con- 
necUons.  The  neck  of  Mie 
spina  bifida  (S.B.)  is  seen 
emerging  from  the  Bpinal  canal, 
and  sloping  baakwarils  between 
tbe  ilia. 

to  the  bodies  of  the  thoracic  vei-tcbrie.  Their  heads  are  crowded  together 
at  the  vertebral  articulations,  especially  in  relation  to  the  fused  thoracic 
vertebrsB. 

The  shafts  of  the  riha  and  the  connections  of  their  distal  extremities 
present  a  marked  contrast  on  the  two  sides.  On  the  left  side  (fig.  10)  the 
ribs  are  free  from  one  another  and  are  movable.  The  costal  cartilage  of  the 
first  rib  is  elongated,  and  fused  with  the  side  of  the  sternum  just  below  the 
clavicular  facet.  Tlie  costal  cartilages  of  the  second  and  third  ribs  are 
shorter,  and  are  attached  to  the  side  of  the  sternum  by  means  of  intervening 
fibrous  laininrQ.  The  cartilages  of  the  succeeding  four  ribs  (fourth  to  seventh) 
are  fused  together  to  form  an  elongated  bar  of  cartilage,  which  helps  to  form 
the  left  aide  of  the  costal  arch,  and  is  continuous  with  the  left  side  of  the 
lower  end  of  the  steniura.     The  cartilages  of  the  eiglitli  and  ninth  ribs  are 
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ively  attached  by  fibrous  union  to  tlie  costal  cartilages  of  the  pre- 
ceding ribs,  and  complete  the  costal  arch  on  the  left  side.  The  tentli  rib 
powtessea  a  rounded  costal  cartilage  wliich  projects  freely  among  the  muscles 
of  the  abdominal  wall,  and  that  of  the  last  rib  descends  almost  vertically 
to  articulate  with  the  iliac  creat. 

On  the  right  side  (tigs.  6,  9)  the  Hrst  and  second  ribs  are  free  and  have 
connections  similar  to  those  on  the  left  side,  the  costid  cartilage  of  the  first 
being  fused  with  the  side  of  the  aternuni,  and  that  of  the  second  being 
attached  by  means  of  a  tibrous  lauiina.  The  remaining  ribs  are  free  from 
one  another  at  their  vertebral  ends,  and  their  heads   and   shafts  can    be 


readily  made  out  as  far  as  the  angles  of  the  ribs.  Further  forwards  they 
are  united  together  by  bony  union,  so  as  to  form  a  broad  osseous  plate  in 
which  it  is  scarcely  possible  to  determine  exactly  the  individual  riba. 
Certain  of  them  are  separated  to  some  extent  by  slight  or  well-marked 
groovea.  The  irregularity  of  their  distal  extremities  and  of  their  sternal 
connections  adds  atill  further  to  the  difficulty  of  tracing  them  in  their 
entire  length.  The  third  rib  becomes  free  from  the  plate,  at  its  sternal  end, 
and  is  attached  by  a  well-marked  costal  cartilage  to  the  border  of  the 
sternum,  a  fibrous  lamina  intervening.  Projecting  backwai-ds  from  the 
lower  border  of  this  cartilage  is  a  free,  peg-like  proceaa,  which  however  is 
unconnected  with  any  rib.  The  fourth  rib  appears  to  have  no  free  sternal 
end,  but  ia  compressed  between  and  fused  with  the  third  and  fifth  ribs. 

Tlie  distal  end  of  the  tifth  rib  is  free,  and  is  connected  by  a  narrow  fibroua 
band  with  the  lower  border  of  the  thii-d  rib.     The  sternal  ends  of  the  sixth, 
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seventh,  and  eighth  ribs  are  separated  from  one  another  by  two  well-defined 
clefts,  and  are  associated  with  the  sternum  by  means  of  a  broad  strip  of 
cartilage  which  helps  to  complete  the  costal  arch  on  the  right  side.  It  is 
fused  with  the  right  side  of  the  lower  end  of  the  sternum,  and  extends 
obliquely  downwards  and  outwards,  partly  concealed  by  the  third  costal 
cartilage,  to  divide  externally  into  two  stout  bars,  the  upper  of  which  re- 
ceives the  ends  of  the  sixth  and  seventh  ribs,  the  lower  bar  the  extremity  of 
the  eighth  rib.  This  band  of  cartilage  is  further  provided  with  three 
subordinate  clefts,  two  above  and  one  below,  which  appear  to  indicate  the 
partial  separation  or  partial  fusion  of  three  separate  costal  cartilages.  The 
sternal  end  of  the  ninth  rib  is  free,  and  broad,  and  possesses  a  costal  cartilage 
which  is  attached  by  fibrous  union  to  the  above-named  cartilaginous  band, 
and  helps  to  complete  the  right  half  of  the  costal  arch.  The  distal  ends  of 
the  tenth  and  eleventh  ribs  are  readily  distinguishable  as  free  processes 
capped  with  cartilage  which  project  into  the  abdominal  wall.  A  deep 
groove  separates  the  shaft  of  the  tenth  from  that  of  the  eleventh  rib. 

The  Hternniii  (fig.  9)  is  incomplete,  and  only  measures  three- quai^ters  of 
an  inch  in  length.  It  consists  of  an  undifferentiated  bar  of  cartilage 
grooved  in  its  lower  part  on  its  anterior  surface.  There  is  no  separation 
between  pre-sternum  and  meso-sternum,  and  the  meta-sternum  is  absent.  The 
upper  end  has  a  shape  resembling  the  pre-sternum.  There  is  a  shallow, 
suprasternal  notch,  on  either  side  of  which  is  a  well-marked  clavicular  facet. 
The  lateral  borders  receive  the  costal  cartilages  of  the  first  three  pairs  of 
ribs.  The  firat  costal  cartilages  are  fused  with  it:  those  of  the  second 
and  third  ribs  are  united  by  fibrous  laminee.  The  lower  end  of  the  sternum 
ends  in  a  wide  notch,  continuous  with  the  costal  arch  formed  by  the  cartil- 
aginous bars  already  described,  and  attaching  the  fourth  to  seventh  ribs  on 
the  left  side  and  the  sixth  to  eighth  ribs  on  the  right  side.  The  arch  is 
completed  by  the  eighth  and  ninth  costal  cartilages  on  the  left  side,  and  by 
the  ninth  cartilage  on  the  right  side.  It  is  filled  up  by  a  tough  fibrous 
membrane,  which  is  attached  to  the  arch,  and  stretches  over  the  subjacent 
pericardium  for  a  considerable  distance. 

The  lower  ribs  on  each  side  give  attachment  to  the  abdominal  muscles, 
and  from  the  under  surface  of  the  ninth  left  costal  cartilage  a  band  of 
muscular  fibres  arises— the  rudiment  of  the  left  half  of  the  diaphragm. 

The  conditions  affecting  the  skeleton  of  the  thorax  are  associated  with 
the  three  causes  already  mentioned.  The  deficiency  of  the  sternum  is  due  to 
the  ectopia :  the  left  side  of  the  thorax  is  flattened  by  the  projection  of  the 
left  lung  into  the  ectopic  sac  and  the  consequent  collapse  of  the  ribs  on  that 
side.  The  rounded  condition  of  the  right  half  of  the  thorax  is  connected 
with  the  presence  of  a  complete  right   pleural   sac  and  lung,   while   the 
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defective  formation  of  the  ribs  on  the  right  side  and  their  fusion  together 
are  the  result  of  their  compression  by  the  curvature  of  the  vertebral 
column. 

The  cavity  of  the  thorax,  is  much  diminished  in  area.  Its  chief  contents 
are  the  right  lung  and  pleura,  part  of  the  heart  and  pericardium,  the 
aorta  and  other  large  vessels,  the  trachea,  oesophagus,  and  thymus  gland. 
Under  the  ribs  on  the  left  side  is  a  cleft-like  space  extending  from  the  inlet 
of  the  thorax  to  the  pleuro-peritoneum  below,  which  is  filled  by  a  dense 
mass  of  areolar  tissue  naturally  divisible  into  two  layers  by  a  fissure ;  one 
layer  bounding  the  mediastinum  and  the  other  clothing  the  inner  surface 
of  the  left  wall  of  the  thorax. 

The  Tight  pleura  is  of  considerable  extent.  Occupying  chiefly  the 
right  side  of  the  chest,  it  projects  in  the  posterior  mediastinum  behind  the 
heart  across  the  middle  line  to  the  left,  so  as  to  reach  the  costal  arch  on  the 
left  side  ;  and  it  also  projects  below  the  costal  arch  on  both  sides  for  about 
half  an  inch.  It  is  entirely  cut  off  from  the  cavity  of  the  peritoneum  by 
the  rudimentary  right  half  of  the  diaphragm,  the  pericardium,  and  peri- 
toneum. 

The  right  lung  is  ovoid  in  form,  with  the  narrow  end  downwards.  It  is 
connected  to  the  pleural  sac  by  the  root,  and  by  a  well-marked  ligamentum 
latum  pulmonis.  It  is  imperfectly  divided  by  an  oblique  fissure  into  two 
main  lobes;  and  the  upper  lobe  is  partially  subdivided  by  two  slight 
fissures. 

The  left  lung  (fig.  2)  is  abdominal  in  position  and  projects  downwai-ds 
to  the  left  side  of  the  heart  and  above  the  stomach  in  the  general  peritoneal 
cavity.  There  is  no  left  pleural  sac,  on  account  of  the  deficiency  of  the 
left  half  of  the  diaphragm.  The  lung  is  divided  into  upper  and  lower  lobes 
by  an  oblique  fissure.  The  root  of  the  lung  is  connected  with  the  pleuro- 
peritoneum  behind  and  on  the  left  of  the  pericardium,  and  the  inner  surface 
of  each  lobe  is  connected  to  the  pericardium  by  a  lateral  ligament.  The 
pericardium  and  heart  are  mainly  abdominal  in  position,  and  are  contained 
in  the  ectopic  sac.  They  project  below  the  sternum  in  the  middle  line 
between  the  two  halves  of  the  costal  arch.  The  upper  third  of  the 
pericardium  is  covered  laterally  and  anteriorly  by  the  fibrous  membrane 
which  extends  from  the  costal  margin  to  the  skin-amnion  junction. 
Its  lower  two-thirds,  projecting  into  the  ectopic  sac,  is  covered  by 
the  pleuro-peritoneum.  The  pericardium  is  related  posteriorly  and  on 
either  side  to  the  right  pleural  sac,  which  extends  across  the  middle  line 
behind  it.  The  fibrous  layer  is  prolonged  upwards  along  the  large  vessels. 
The  serous  pericardium  is  normal,  and  a  well-marked  vestigial  fold  of 
Marshall    is    present       The    heart,    aorta,    and    pulmonary    vessels    are 
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also  normal.  The  large  vessels  arising  from  the  aorta  (three  in  number) 
are  more  elongated  than  usual,  and  the  only  abnormality  affecting 
the  vessels  in  the  thorax  is  in  the  termination  of  the  left  innominate 
vein.  It  joins  the  right  innominate  vein  below  the  entrance  of  the  vena 
azygos  major.     The  ductus  arteriosus  is  very  long  and  arched. 

The  trachea  is  greatly  elongated,  measuring  one  and  a  half  inches  in 
length.  It  possesses  twenty-five  cartilaginous  rings.  The  right  bronchus 
is  short  (quarter  inch).  The  left  bronchus,  elongated  to  the  extent  of 
one  and  a  quarter  inches,  descends  behind  the  aortic  arch  and  pulmonary 
vessels  in  an  almost  vertical  direction  to  reach  the  left  lung. 

The  (£sopha(j'\jui  passes  through  the  thorax  behind  the  trachea  and  peri- 
cardium, and  between  the  right  pleural  sac  and  the  general  peritoneum. 
Before  reaching  the  stomach  it  passes  between  the  two  parts  of  the  dia- 
phragm, right  and  left. 

The  thymvAi  gland  is  large.     It  is  normal  in  position  and  form. 

The  nerves  of  the  thorax,  phrenic,  and  vagi  are  normal  in  tlieir  course 
through  the  cavity.  The  phrenic  nerves  are  both  small,  and  are  traceable 
to  the  right  and  left  halves  of  the  diaphragm  respectively. 

Of  the  cervical  region  of  the  specimen  little  need  be  said.  It  is 
normal  in  all  respects.  The  infra-hyoid  muscles  are  present,  and  the 
thyroid  body,  of  which  the  left  lobe  was  partially  separate,  possesses  a 
well-marked  pyramid  extending  up  to  the  hyoid  bone. 

There  can  be  no  doubt  that  these  conditions  of  the  vertebral  column 
and  thorax  are  the  direct  consequence  of  the  ectopia  and  the  spina  bifida. 
The  conditions  of  the  ribs  and  sternum,  moreover,  have  a  particular  interest 
from  the  light  which  they  throw  on  the  question  of  the  development  and 
morphology  of  the  sternum. 

The  ectopia  has  admittedly  caused  arrest  in  the  development  of  the 
sternum  ;  but  the  arrested  condition  gives  absolutely  no  support  to  the  view 
of  the  formation  of  the  sternum  by  the  fusion  of  costal  cartilages.  On  the 
other  hand,  while  no  evidence  from  such  a  condition  as  this  can  be  regarded 
as  altogether  conclusive,  the  condition  of  the  sternum  in  this  case  lends 
material  support  to  the  view  whicli  ascribes  to  the  sternum  an  independent 
origin.  There  is  a  median  cartilaginous  plate  arrested  in  its  downward 
growth  by  the  ectopia,  directly  associated  with  only  three  pairs  of  costal 
cartilages,  and  joined  at  its  lower  end  on  each  side  by  the  fused  and 
elongated  costal  cai-tilages  of  certain  succeeding  ribs.  There  is  no 
differentiation  of  pre-sternum  and  meso-sternum,  there  are  no  centres 
of  ossification,  there  is  a  failure  of  certain  ribs  (fourth  and  fifth  on  the 
right  side)  to  reach  the  sternum  at  all,  and  the  meta-sternum  is  absent 
altogether. 
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General  Conclusions 

Conditions  more  or  less  similar  to  those  described  above  have  been 
recorded  and  discussed  by  other  observers  (1-10,  14-18),  and  notably  by 
Dakin  (4)  and  Bryce  (3). 

The  essential  features  in  these  cases  appear  to  be  ectopia,  retroflexion  of 
the  spinal  column,  and  defective  formation  of  the  hind-gut,  with  the  presence 
of  a  cloaca.  Commonly  associated  conditions,  not  however  always  present, 
are  spina  bifida  and  hydrocephalus  intemus,  persistent  vestiges  of  a  neuren- 
teric  canal,  defective  formation  of  the  thorax  and  diaphragm,  and  separation 
of  the  pubic  bones  with  dorsiflexion  of  the  lower  limbs. 

Some  of  these  associated  conditions  may  of  course  be  only  accidental 
and  coincident.  For  example,  the  spina  bifida  and  hydrocephalus,  while 
stated  by  Duncan  and  Hurry  (5)  to  be  usually  present,  are  shown  by 
Dakin  to  be  sometimes  absent.  Again,  it  is  possible  that  the  spina 
bifida  and  hydrocephalus  may  not  be  causally  connected.  While  hydro- 
cephalus internus  appears  as  a  common  occurrence  in  cases  of  spina 
bifida,  it  is  not  essential.  Indeed  in  the  present  case,  while  it  is 
evident  that  the  spina  bifida  was  formed  at  a  comparatively  early  stage 
in  embryonic  development,  the  cerebral  affection  appears  to  have  arisen  at 
a  much  later  period,  and  possibly  as  a  consequence  of  meningitis.  The 
cerebral  convolutions  are  well  marked,  and  the  conditions  of  cerebral 
development  are  generally  advanced. 

On  the  other  hand,  it  is  possible  that  the  conditions  present  in  such  a 
case  may  all  be  more  or  less  correlated,  and  associated  by  some  common 
cause. 

There  is  no  doubt  that  we  must  go  back  to  a  very  early  embryonic  stage 
to  find  a  condition  which  may  be  regarded  as  the  starting-point  of  these  mal- 
formations. Professor  A.  R.  Simpson  (16)  suggests  a  time  between  the  fourth 
and  seventh  week  of  f tietal  life.  Bryce  (3)  has  drawn  attention  in  this  connec- 
tion to  the  conditions  of  the  vertebral  column,  which  several  embryologists 
(notably  His)  have  described  as  strongly  retroflexed  in  the  mid-thoracic  region 
at  the  end  of  the  first  month.  It  is  not  known  if  this  is  a  normal,  or  only  an 
occasional,  condition.  It  is  suflficiently  common,  however,  to  be  recognised 
under  otherwise  normal  conditions  as  a  transitory  condition  which  disappears 
as  the  abdominal  walls  close  in. 

The  period  at  which  arrest  of  development  has  occurred  appears  to  be 
after  the  formation  of  the  cloaca,  but  before  the  separation  of  rectal  and 
genito-urinary  passages ;  there  is  no  phallic  papilla ;  the  proctodoeal  invag- 
ination has  occurred,  but  failing  to  unite  with  the  rectum,  projects  into  the 
cavity  of  the  cloaca  as  a  cloacal  papilla.     The  kidneys  and  ureters  are  well 
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formed,  and  the  latter  end  in  the  lateral  recesses  of  the  cloaca.  At  le.ast 
one  genital  duct  is  present.  The  union  between  neural  and  alimentary 
canals  presists  as  a  fibrous  cord  (neurenteric  canal),  and  the  condition  of 
spina  bifida  has  arisen  after  the  development  of  the  nerve  roots  from  the 
medullary  tube. 

Under  normal  conditions  the  body  walls  close  in,  2^(^f^f^  2?a8«u,  with  the 
formation  of  the  umbilical  cord  and  umbilicus;  and  simultaneously  the 
cloaca  and  genital  papilla  proceed  to  form  anus,  genito-urinary  sinus,  and 
external  genital  organs. 

Most  if  not  the  whole  series  of  malformations  appear  to  have  been 
primarily  caused  by  the  failure  in  development  of  the  hinder  portion  of 
the  alimentary  canal. 

The  whole  of  the  large  intestine  appears  to  be  represented  by  the 
pseudo-C8Bcal  pouch  with  its  two  appendages:  it  retains  its  primitive 
connections  with  the  spinal  cord,  and  terminates  in  a  cloaca!  chamber. 
The  proctodoeal  invagination,  failing  to  meet  the  terminal  portion  of  the 
rectum,  produces  a  cloacal  papilla. 

One  of  the  most  striking  results  of  the  defective  formation  of  the 
alimentary  canal  is  the  absence  of  the  allantois.  The  ventral  wall  of 
the  cloacal  cavity  is  deficient,  forming  the  internal  cloacal  aperture ;  and 
there  is  no  vestige  of  allantoic  diverticulum  or  allantoic  stalk,  so  account- 
ing for  the  absence  of  a  true  bladder  and  the  presence  of  the  ectopic  sac. 

The  wall  of  the  ectopic  cavity  is  formed  by  the  amnion ;  and  the  cavity 
itself  represents  the  persistence  of  the  embryonic  and  extra-embryonic  parts 
of  the  ca3lom.  In  normal  circumstances  the  growth  of  the  allantois  from  the 
hinder  end  of  the  alimentary  canal  along  the  amnion  to  the  cliorion,  besides 
assisting  in  forming  the  placenta,  moors  the  embryo  to  the  uterine  wall, 
and  is  of  obvious  assistance  in  the  subsequent  process  of  closure  of  the 
abdominal  wall  and  formation  of  the  umbilicus.  The  absence  of  the 
allantois  has,  inter  alia,  permitted  the  projection  of  the  viscera  into  the 
extra-embryonic  ccelom,  and  the  persistence  and  enlargement  of  that  space 
into  an  ectopic  sac. 

That  the  bladder  is  absent  in  the  case  described  there  is  no  doubt. 
Instead,  the  ureters  terminate  in  the  upper  ends  of  bilateral,  thick-walled 
sacs,  which  communicate  with  the  cloacal  cavity  by  slit-like  openings. 
These  are  to  be  regarded  as  dilatations  of  the  lateral  walls  of  the  cloaca. 
The  true  urinary  bladder,  it  is  true,  arises  from  the  cloaca,  but  the  most 
reliable  accounts  of  its  formation  (Fleischmann  (6))  lead  us  to  the  con- 
clusion that  it  is  essentially  (1)  median  and  ventral,  and  (2)  formed  from 
the  allantoic  diverticulum,  absent  in  this  case.  The  share  taken  by  the 
cloacal  cavity  is  confined  to  the  formation  of  the  trigone  of  the  bladder  and 


Ectopia  Viscerum,  associated  witli  Spina  bifida,  etc.  355 

the  genito-urinary  passages.  In  the  instance  under  discussion  the  ureters 
retain  their  primitive  relation  to  the  side  walls  of  the  cloaca,  communicating 
through  tliese  bladder-like  sacs  with  the  cloacal  cavity  below  the  termina- 
tion of  the  orut. 

The  retroflexion  of  the  spinal  column  has  been  much  discussed.  It 
appears  to  be  a  usual  occurrence  in  these  cases;  and  its  causation  is 
obscure.  It  may  be  the  persistent  embryonic  flexure ;  it  may  be  due  to 
the  collapse  of  the  vertebral  column  into  the  ectopic  sac,  owing  to  the 
defective  formation  of  the  abdominal  wall ;  it  may  be  associated  with  the 
spina  bifida,  and  be  occasioned  in  part  by  the  weakness  in  the  column  due 
to  the  deficiencies  in  the  formation  of  the  spinal  laminae ;  it  may,  again, 
be  caused  by  the  want  of  union  of  the  pubic  bones,  and  the  dorsiflexion 
of  the  lower  limbs  on  the  trunk:  or  all  these  causes  may  be  at  work 
together. 

There  is  no  doubt  that  the  retroflexion  of  the  column  has  occurred  at  an 
early  period;  at  a  time  when  the  vertebral  lamina?  are  incompletely 
formed,  when  the  cartilaginous  column  has  been  only  incompletely  seg- 
mented to  form  the  vertebral  centra ;  after  the  development  of  the  spinal 
nerve  roots,  but  prior  to  the  time  when  the  cord  of  connection  (neurenteric 
canal)  between  the  neural  and  alimentary  canals  has  been  separated. 

It  does  not  seem  that  the  spina  bifida  can  be  traced  into  direct  causal 
connection  with  either  the  ectopia  or  the  retroflexion  of  the  spinal  column, 
though,  as  stated  already,  both  spina  bifida  and  hydrocephalus  are  very 
usually  found  as  concomitants  of  the  condition  of  ectopia.  The  causes 
of  both  spina  bifida  and  hydrocephalus  are  so  obscure  that  it  seems  useless 
to  enter  on  a  discussion  of  that  aspect  of  the  subject  here.  It  has  been 
already  stated  that,  in  our  opinion,  the  internal  hydrocephalus  appears  to, 
have  a  later  date  of  onset  than  the  spina  bifida,  which  for  several  reasons 
may  possibly  be  associated  with  the  ectopic  condition.  It  is  possible  that 
the  two  conditions  have  arisen  from  distinct  and  separate  causes. 

The  dorsiflexion  of  the  lower  limbs  and  the  collapse  of  the  left  side  of 
the  chest  are  commonly  associated  conditions  in  ectopia.  Both  are  related 
to  the  retroflexion  of  the  spinal  column,  and  the  collapse  of  the  ribs  on  the 
left  side  is  further  associated  with  the  deficiency  of  the  diaphragm.  It  is 
possible  also,  as  Dakin  suggests  (4),  that  pressure  effects  are  exercised  on  the 
growing  foetus  by  the  uterine  wall,  which,  without  necessarily  irritating, 
may  have  the  effect  of  maintaining  and  exaggerating  the  conditions  found. 

The  remarkable  family  likenesses  which  the  recorded  examples  of  these 
conditions  present  leads  one  to  the  conclusion  that  in  all  there  is  some 
essentially  similar  exciting  cause.  An  arrest  of  development  of  the  hind- 
gut  is  the  result,  leading  to  secondary  results  which  indicate  that  the  whole 
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process  of  development  of  the  associated  parts  pursues  a  wrong  course,  but 
in  all  cases  on  more  or  less  similar  lines.  This  exciting  cause  is  quite 
obscure,  and  must  begin  its  operations  at  a  very  early  period  in  develop- 
ment. 
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ON  THE  ANATOMY  OF  THE  CALAMUS  REGION  IN  THE  HUMAN 
BULB;  WITH  AN  ACCOUNT  OF  A  HITHERTO  UNDE- 
SCRIBED  "  NUCLEUS  POSTREMUS."  By  J.  T.  Wilson,  Pro- 
fessor of  Anatomy  in  the  University  of  Sydney,  N.S.W. 

Part  II.i 

§  VII.  Description  of  Type  represented  by  Specimen  6,  character- 
ised BY  THE  Presence  of  an  "  Intercinereal  Commissure." 

It  lias  previously  been  stated  that  the  condition  exemplified  by  the  section- 
series  just  examined  is  not  by  any  means  an  invariable  one. 

The  specimen  whose  anatomy  is  illustrated  by  the  stereophotographs  in 
figs.  12-14  ofiers  an  example  of  a  structural  arrangement  differing,  at  first 
sight,  somewhat  markedly  from  that  just  described.  It  has  been  pointed 
out  that  in  this  specimen  the  obex  overhangs  two  openings,  one  ventral  to 
the  other,  into  both  of  which  the  ventricular  cavity  appears  to  be  prolonged. 

The  more  ventral  of  the  two  canals  forms  a  very  evident  tunnel  into 
which  is  continued,  in  a  caudal  direction,  the  median  furrow  of  the  floor  of 
the  ventricle  {cf  figs.  13  and  14).  The  dorsal  boundary  of  the  ventricular 
aperture  of  this  tunnel  consists  of  a  very  definite  solid  bridge  of  nerve- 
tissue  formed  by  a  fusion,  across  the  median  plane,  of  the  caudal  prolongations 
of  the  alsB  cinerese.  This  arrangement  will  be  still  better  realised  with  the 
aid  of  the  stereograph  shown  in  fig.  22,  A  and  B,  which  was  taken  from  the 
same  specimen  prior  to  removal  of  the  false  or  membranous  obex.  From 
this  figure  it  is  also  apparent  that  the  ventricular  aperture  of  this  ventral 
moiety  of  the  central  canal  lies  in  a  transverse  plane  which  is  some  distance  in 
advance  of  (i.e.  cephalad)  of  the  apex  of  the  calamus.  Now,  it  is  probably  a 
ventral  tunnel  of  this  nature  which  Ziehen  has  taken  as  the  proper  "  central 
canal  "  in  his  fig.  176,  whilst  the  roof  of  it,  which  in  the  accompanying  text 
he  quite  erroneously  names  the  obex,  is  doubtless  of  a  character  more  or  less 
similar  to  the  bridge  of  tissue  now  described  and  figured.  '  It  has  already 
been  pointed  out  that  a  similar  condition  was  recognised  by  Henle,  and  was 
interpreted  by  him  as  a  second  mode  of  termination  of  the  central  canal- 
But  his  illustrative  fig.  145  may  best  be  explained,  in  the  light  of  the  facts 

*  Part  I.  of  this  paper  appeared  in  the  preceding  (i.e.  April)  number  of  thin  Journal* 
Figs.  1-21  will  be  founa  in  connection  with  rart  I, 
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now  presented,  as  representing  a  condition  due  to  median  coalescence  of  a 
portion  of  the  walls  of  the  deep  vertical  median  furrow  of  the  neural  canal, 
extending  for  a  short  distance  in  front  of  the  calamus.  It  is  true  that  in 
Henle's  figure  the  coalescence  does  not  affect  precisely  the  same  morpho- 
logical region  of  the  parietes  of  the  neural  canal  as  that  involved  in  the 
case  now  described  and  figured.  But  it  will  appear  in  the  sequel  that 
fusion  of  opposing  portions  of  the  wall  of  the  neural  canal  of  the  bulb  may 
occur  at  various  levels,  producing  varying  conditions.  In  a  transverse 
section  of  another  specimen  I  have  found  an  an-angement  identical  with 
that  figured  by  Henle,  in  which  the  process  of  median  fusion  has  affected, 
not  the  region  corresponding  to  the  accessor io- vagal  nucleus,  but  rather  the 
region  intermediate  between  the  latter  and  the  hypoglossal  nucleus. 

It  is  further  clear  from  fig.  14,  A  and  B,  that  the  cavity  of  the  fourth 
ventricle  extends  caudally,  not  only  into  the  ventral  tunnel  above  described, 
but  also  dorsally  to  the  fusion  or  commissure  bridging  over  the  latter,  into 
a  space  immediately  under  cover  of  the  false  obex.  The  lateral  walls  of 
this  space  are  formed  almost  entirely  by  very  marked,  prominent,  cushion- 
like masses.  These  are  the  caudal  continuations  of  the  areae  postremse  of 
Retzius,  which  are  seen  rapidly  diverging  as  they  are  traced  frontally  into 
the  hinder  portion  of  the  floor  of  the  fourth  ventricle.  A  moderately  deep 
sulcus  separates  each  area  postrema  dorsally  from  the  ragged  remains  of 
the  membranous  obex  and  ligula;  and  a  deep  furrow  also  limits  each 
ventrally  from  those  caudal  prolongations  of  the  alae  cinereae  which  unite 
to  form  the  commissure  constituting  the  floor  of  the  space  under  considera- 
tion. When  this  commissure  is  absent,  we  then  find  under  the  obex  a  simple, 
cleft-like  central  canal  of  considerable  dorso-ventral  extent,  into  which  the 
cavity  of  the  fourth  ventricle  narrows,  as  we  trace  it  backwards.  This  is 
the  condition  which  is  illustrated  in  the  stereograph  in  fig.  7,  A  and  B,  as 
well  as  in  the  sectional  figures  9,  10,  etc. 

The  specimen  whose  gi'oss  anatomy  is  illustrated  by  the  stereographs  in 
figs.  12-14  and  fig.  22,  was  embedded  and  cut  into  serial  transverse  sections. 
Owing  to  the  preliminary  dissection,  whose  results  are  visible  in  fig.  14,  the 
dorsal-  or  roof-region  of  the  neural  canal  in  the  vicinity  of  the  calamus  is 
necessarily  highly  imperfect  and  mutilated.  Fig.  23  represents  part  of  a 
transverse  section  across  the  bulb  immediately  anterior  to  (cephalad  of)  the 
commissural  connection  between  the  caudal  prolongations  of  the  alas 
cinereae.  The  steeply  sloping  floor  of  the  caudal  part  of  the  fourth 
ventricle  is  seen  ascending  on  each  side  from  the  median  sulcus  of  the 
ventricular  floor.  Three  prominences  are  seen  on  each  side.  The  most 
ventral  is  the  funicular  continuation  backwards  of  the  trigonura  hypo- 
glossi.     These  two  opposing  hypoglossal  funiculi  are,  ventrally,  partly  in 
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contact  with  one  another.  Dorsal  to  this  is  the  still  more  prominent  caudal 
prolongation  of  the  ala  cinerea,  which  is,  in  this  plane,  of  considerable 
superficial  extent.  Dorsal  to  this  again  is  the  sharply  marked  prominence 
of  the  somewhat  peculiar  loose  tissue,  forming,  on  the  surface,  the  area 
postrema  of  Retzius.  The  dorso-lateral  limit  of  the  latter  on  the  left  side 
shows  a  vestige  of  the  attachment  of  the  taenia  ventriculi  or  ligula.  The 
ependymal  epithelium  of  the  ventricular  floor  may  be  traced  as  far  as  this 
latter  limit.  In  spite  of  the  numerous  accidental  specks  upon  the  section, 
it  is  not  difficult  to  recognise  the  neuronic  groups  composing  the  nuclei  of 
the  hypoglossus  and  vago-accessorius. 

Part  of  a  transverse  section  at  a  slightly  more  caudal  (0*55  mm.)  plane 
is  represented  in  fig.  24.  Here  the  section  passes  through  the  region  of 
fusion  or  commissural  connection  above  referred  to.  It  is  plain  that  this 
commissure,  whatever  its  physiological  significance,  structurally  connects, 
and  may  be  looked  upon  as  a  median  fusion  of,  the  vago-accessorial  columns 
or  funiculi  of  opposite  sides,  and  may  therefore  appropriately  enough  be 
named  the  "  intercinereal  commissure." 

The  ventricular  ependymal  epithelium  may  be  well  seen  clothing  the 
dorsal  aspect  of  the  commissure.  Here,  on  each  side,  it  dips  into  the  well- 
marked  "  dorso-lateral "  sulci  between  it  and  the  areas  postremae  (where  it 
is  speciall}'^  thickened),  and  extends  in  a  dorsal  direction  over  the  surface 
of  the  area  postrema  as  far  as  the  region  where  it  becomes  defective  owing 
to  the  mutilation  due  to  previous  dissection.  It  is  obvious  that  the  space 
here  seen,  between  the  prominences  of  the  areae  postremae  of  opposite  sides, 
is  the  space  immediately  overhung  by  the  membranous  obex,  and  w^ell  seen, 
after  removal  of  the  latter,  in  fig.  14. 

The  narrow,  ventral,  cleft-like  moiety  of  the  lumen  of  the  neural  canal, 
visible  in  fig.  24,  is  slightly  widened  immediately  beneath  the  intercinereal 
commissure ;  and  this  widened  part  of  it  is  definitely  marked  off  on  each 
side  from  the  remainder  of  the  cleft  by  the  continuation  of  the  ventro- 
lateral furrow  which  was  visible  in  the  preceding  fig.  16.  At  the  present 
level  the  median  coalescence  of  the  cinereal  funiculi  has  therefore  not  ex- 
tended right  down  to  the  ventral  limit  of  these  columns.  On  the  other 
hand,  their  coalescence  has  extended,  dorsally,  quite  up  to  the  deeply 
inflexed  dorso-lateral  sulci.  Ventrally  to  the  ventro-lateral  sulcus  the 
vertical  walls  of  the  cleft-like  lumen  are  slightly  indented  by  other,  asym- 
metrical, furrows.  These  are  similar  in  character  to  that  visible  in  a 
corresponding  position  on  the  right  side  in  fig.  23.  They  represent  sections 
through  some  of  those  more  or  less  oblique  furrows  whose  existence  on  the 
surface  of  the  funiculus  teres  (hypoglossi)  in  the  floor  of  the  ventricle,  a  little 
higher  up,  determines  the  appearance  of  the  "area  plumiformis"  of  Retzius, 
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The  photomicrograph  reproduced  in  iig.  25  represents  the  corresponding 
region  in  a  section  cut  0*6  mm.  further  on  in  a  caudal  direction.  Here  the 
intercinereal  commissure  is  met  with  in  even  fuller  development,  owing  to 
the  further  extension,  in  a  ventral  direction,  of  the  area  of  median 
coalescence.  One  result  of  this  ventral  extension  is  that  the  ventro-lateral 
sulcus  has  been  encroached  upon  and  obliterated  by  the  commissural  con- 
nection. The  dorsal  supracommissural  portion  of  the  neural  canal,  though 
still  wide  proportionately  to  the  ventral  infracommissural  portion,  is  con- 
siderably narrower  than  in  the  previous  figure.  This  is  owing  to  the  closer 
approximation  of  the  two  opposing  "areoe  postremse."  Continuous  with 
the  dorso-lateral  limits  of  the  latter  are  to  be  seen  vestiges  of  the  lateral 
parts  of  the  roof,  in  the  shape  of  the  "  taeniae  "  or  "  ligulae."  Laterally  to 
these  again  may  now  be  seen  small  portions  of  the  clavate  enlargements 
of  the  funiculi  graciles,  which  are  also  becoming  more  approximated  to  one 
another  as  they  are  traced  in  a  caudal  direction.  Fig.  26  illustrates  a 
section  11  mm.  lower  down  in  the  same  bulb.  Here  there  seems  to  be 
a  marked  change  in  the  structural  condition,  but  it  is  more  apparent  than 
real.  Dorsally  the  funiculi  graciles  have  undergone  still  further  convergence, 
so  that  the  roof-area  of  the  neural  canal  is  greatly  narrowed.  A  remnant  of 
the  roof -plate  is  visible  on  the  left  side,  its  inflexion  marking  the  angle 
between  the  roof  and  the  lateral  wall  of  the  now  cleft-like  supracommissural 
portion  of  the  neural  canal.  The  lateral  walls  of  this  supracommissural 
space  no  longer  exhibit  prominent  areae  postremae,  but  they  are  nevertheless 
still  occupied  by  the  caudal  continuations  of  the  loose  tissue  peculiar  to  the 
latter.  The  dorso-lateral  sulcus  is  still  tolerably  evident  on  the  left,  but 
less  so  on  the  right,  w^here  it  appears  to  lie,  not  opposite  the  left,  but  on  a 
more  dorsal  plane.  This  is  doubtless  referable  to  some  oblicjuity  in  the 
plane  of  section.  Remains  of  the  intercinereal  commissural  are  still 
present,  but  its  continuity  is  becoming  inteiTupted  by  median  defect  in  its 
dorsal  portion.  The  section  in  fact  just  grazes  the  posterior  or  caudal  end 
of  the  commissure  proper. 

The  next  section,  illustrated  in  fig.  27,  was  only  015  mm.  caudal 
to  the  last.  At  a  first  glance  it  might  appear  that  the  intercinereal 
commissure  still  persisted,  but  this  is  not  the  case.  Comparison  of  figs. 
26  and  27  will  show  that  the  tissue-bridge  in  the  former  (which  lies  in 
an  oblique  line  drawn  between  the  large  oval  blood-vessels  on  either  side 
of  the  median  plane),  has,  in  fig.  27,  entirely  disappeared.  The  caudal 
limit  of  the  intercinereal  commissure  proper  has  now  been  reached.  The 
new  median  tissue-bridge,  uniting  the  lateral  walls  of  the  cleft-like  cavity 
in  fig.  27,  is  a  new  formation  and  lies  in  a  more  dorsal  plane  than  that 
occupied   by   the   intercinereal   commissure.      Comparative   measurements 
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indicate  that  it  has  been  formed,  at  least  in  part,  at  the  expense  of  the 
deepest  portion  of  what  has  here  been  called  the  "  supracommissural " 
portion  of  the  neural  canal.  Had  the  entire  intercinereal  commissural 
connection  abruptly  and  completely  terminated,  then  of  course  the  con- 
tinuity of  the  supra-  and  infra-commissural  parts  of  the  cleft-like  neural 
canal  would  necessarily  have  been  restored.  And  this  may,  in  fact, 
occasionally  happen.  Indeed,  such  a  condition  is  here  very  nearly  at- 
tained. But,  actually,  just  as  the  hinder  end  of  the  intercinereal  com- 
missure is  reached,  a  new  median  fusion  commences,  which  is  more  or 
less  continuous  with  the  dorsal  caudal  portion  of  the  disappearing  com- 
missure. As  we  pass  backwards  this  new  area  of  median  fusion  rapidly 
— almost  abruptly — extends  in  a  dorsal  direction,  totally  obliterating  the 
entire  dorsal  moiety  of  the  lumen  of  the  neural  canal.  In  the  section  at 
present  under  consideration,  however,  the  latter  is  still  preserved,  walled 
in  laterally  by  the  caudal  prolongations  of  the  areae  postremae,  and  roofed 
over  by  a  somewhat  thickened  roof-plate  which  will  be  recognised  as 
morphologically  a  genuine  obex,  albeit  of  such  diminutive  cranio-caudal 
proportions  as  to  be  quite  unrecognisable  during  the  preliminary  surface- 
dissection.  It  must  be  regarded  as  having  formed  the  medullary  substratum 
of  the  caudally  placed  apex  of  the  triangular  membranous  or  false  obex 
shown  in  the  stereograms  in  figs.  13  and  22  {of.  figs.  8-10  from  the 
previously  described  specimen). 

The  last  section  illustrated  from  this  series  is  shown  in  fig.  28.  Here 
the  median  fusion,  begun  in  the  previous  section,  has  quite  obliterated 
the  dorsal  half  of  the  neural  canal.  Still,  the  roof-mass  corresponding 
to  the  obex  is  clearly  distinguishable.  It  arches  over  a  small  light  area 
of  loose  tissue  representing  the  most  dorsal  part  of  the  lumen  of  the  canal, 
and  in  which,  under  higher  magnification,  are  to  be  discovered  distorted 
remains  of  the  ependymal  lining. 

Fig.  29  is  a  schematic  plane-reconstruction  from  the  section-series, 
representing  a  vertical  projection  or  side  elevation  of  the  lateral  wall 
of  the  cleft-like  neural  canal  from  a  short  distance  in  front  of  the  cranial 
extremity  of  the  intercinereal  commissure  to  a  short  distance  caudal 
of  the  plane  illustrated  by  fig.  28.  It  is  plotted  out  to  the  same  scale 
of  magnification  as  that  of  the  photomicrographs  of  the  sections,  i.e.  24 
diameters.  The  base-line  represents  the  horizontal  plane  of  the  floor  of 
the  ventral  median  furrow  of  the  neural  canal.  The  dotted  line  above 
represents  the  plane  of  the  attached  margin  of  the  roof.  It  will  be 
observed  that  the  distance  from  floor  to  roof  is  approximately  constant. 
The  left  end  of  the  diagram  is  cranially  directed.  There  the  two  Sulci 
of  the  lateral  wall  ("  floor  ")  of  the  ventricle — dorso-  and  ventro-lateral — 
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ai-e  seen  limiting  between  tliein  the  caudal  prolongation  of  the  ala 
einereal  funiculus.  This  is  seen  to  merge  in  the  shaded  area  representing 
the  inter cineieal  coininiHsure.  Caudally  this  is  seen  to  end  abruptly,  except 
for  its  partial  continuity  with  tliat  more  extensive,  and  more  dorsal, 
median  fusion,  in  which  the  caudal  prolongations  of  the  area  postrema 
(or  dorsal  longitudinal  zone  of  the  medullaiy  wall)  becomes  merged 
But  the  caudal  end  of  tlie  diagniin  would  also  tend  to  suggest  that,  with 
the  genuine  dorsal  zone,  behind  the  intercinereal  commissure,  there  is  also 
merged  part,  at  least,  of  the  intermediate  zone  of  the  medullary  partetes, 
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Fid.  2S. — Scheme  of  plane- ivoonstnictiDn  from  tlie  serial  sections  of  specimen  VI., 
showing  lateral  projection,  or  aide  elei'atiou,  of  "  intercinereal  coniniissure  "  and 
tlie  moat  anterior  (frontitl)  portion  of  inter[i03tremal  fuaioii.  d.l.i.,  dorso-lalerat 
sulcus;  r.I.s.,  i-entro-lateral  sulcus;  I'.iMvmi.,  intercinereal  commissure;  s.c.t., 
sajiracommissural  recess ;  Lp.,  inteqioatremal  median  fusion. 

so  that  the  patent  part  of  the  lumen  would  correspond  only  with  the 
ventral  longitudinal  zone,  or  to  that  with  a  part  of  the  intermediate  zone. 

With  figs,  24  and  25  it  is  instructive  to  compare  fig.  21,  which  repre- 
sents the  same  region  in  a  section  of  a  human  fcetal  medulla  oblongata  of 
the  sixth  month. 

Here  the  area,  or  rather  the  entinentia,  postrema  stands  out  very 
prominently  on  each  side,  at  the  bottom  of  the  wide  depression  between 
the  funiculi  graciles. 

Unfortunately,  as  the  section  was  uot  prepared  for  the  purposes  of 
this  paper,  but  a  number  of  years  ago,  the  membranes  have  not  been 
preserved,  and  it  is  impossible  in  the  section  itself  to  demonstrate 
the  precise  dorsal  limit  of  the  ependymal  epithelium.  Still  there  is  not 
the   slightest  doubt   that  it  terminated  dorsally  by  reflection  into  a  pia- 
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ependymal  roof  at  the  slightly  ragged  dorso-lateral  limit  of  the  eminentia 
postrema,  and  that  the  latter  was  wholly  intraventricular.  In  this  respect 
the  parallel  with  fig.  25  is  perfect.  Also  the  "  dorso-lateral  sulcus,"  of  the 
ventricle,  bounding  the  eminentia  postrema  ventrally,  is  exactly  com- 
parable with  that  in  the  figure  cited.  Here  it  is  seen  to  be  markedly 
inflected,  and  the  bottom  of  the  sulcus  is  lined  with  specially  elongated 
ependymal  epithelial  cells,  whose  basal  processes  are  prolonged  into  a 
leash  of  ependymal  fibrils  forming  a  definitely  specialised  neuroglia  septum. 

A  photomicrograph  illustrating  the  details  of  this  arrangement  on  a 
higher  scale  of  magnification  is  reproduced  in  fig.  21  A.  This  neuroglia 
septum  is  seen  to  form  a  very  distinct  ventral  limit  for  the  peculiarly 
specialised  tissue  of  the  eminentia  postrema.  (Fig.  30,  from  an  adult 
specimen,  to  be  later  on  referred  to,  illustrates  the  same  neuroglia  septum.) 

Ventrally  to  the  dorso-lateral  sulcus  of  the  neural  canal  the  cleft-like 
lumen  is  bounded  by  the  vertically  extensive  "  funiculi  cinereae  "  (fig.  21.) 
Between  these  there  is  no  median  coalescence  or  intercinereal  commissure. 
They  are  limited  ventrally  by  the  shallow  but  well-marked  "  ventro-lateral 
sulcus  "  of  the  neural  canal,  ventral  to  which  is  the  caudal  continuation  of 
the  funiculus  teres  hypoglossi. 


§  VIII.  Discussion  of  Figures  from  Retzius's  Work  which  indicate 
THE  Existence  of  a  Similar  Commissural  Structure.  Signi- 
ficance of  the  "Funiculus  separans"  of  Retzius. 

The  occasional  presence  of  such  a  commissural  connection  as  has  just 
been  described  and  illustrated  has  not  entirely  escaped  recognition.  Varia- 
tions due  to  its  presence,  in  different  grades  of  perfection,  are  to  some 
extent  responsible  for  the  discrepancies  in  the  different  accounts  of  the 
central  canal  at  its  confluence  with  the  fourth  ventricle.  The  small  tissue- 
bridge  which,  as  already  noted,  Ziehen  has  erroneously  taken  for  an  obex, 
was  probably  of  somewhat  similar  commissural  character.  We  have  also 
seen  that  in  one  of  Henle's  descriptions  the  existence  of  a  similar  condition 
is  implied. 

Retzius  (1896)  has  clearly  recognised  and  figured  the  occurrence  of  a 
commissural  connection  which  is  evidently  identical  with  that  above 
described.  His  fig.  4a,  Taf.  xxxviii.,  represents  a  sagittal  section  through  a 
specimen  of  this  character ;  and  his  fig.  14,  Taf.  xxxv.,  is  also  in  tolerably 
close  correspondence  with  it. 

Unfortunately,  the  plan  of  Retzius's  work  did  not  extend  to  the  sectional 
anatomy  of   his   specimens,   or   only   in   a  very  minor  degree,  and  hence 
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the  morphological  value  of  various  features  recognised  was  sometimes 
unperceived. 

More  lately  Streeter  (1903)  has  endeavoured  to  supplement  Retzius's 
description  by  an  investigation  of  the  sectional  anatomy  of  the  bulb,  in 
order  to  ascertain  precisely  the  correspondences  between  the  surface- 
features,  as  recorded  by  Retzius,  and  the  sectional  structure.  He  has 
found,  inter'  alia,  that  the  "  glistening,  light-coloured  ridge,"  to  which 
Retzius  gave  the  name  of  "funiculus  separans,"  is  due  to  "a  thickened 
ependymal  overlying  the  vagus  nucleus."  Tliis  is  undoubtedly  correct, 
but  Streeter  does  not  make  it  clear  that  the  funiculus  separans  by  no 
means  covers  the  whole  of  the  prominence  corresponding  to  the  vagus 
nucleus.  This,  however,  is  obvious  even  from  Retzius's  own  figures  already 
referred  to  (figs.  4a  and  4b,  Taf.  xxxviii.).  In  the  opinion  of  the  writer, 
the  funiculus  separans  has,  in  Retzius 's  descriptions,  attained  to  a  distinc- 
tion out  of  proportion  to  its  structural  importance.  It  is,  as  Streeter  has 
shown,  merely  a  thickened  ependyma  ridge.  The  unnecessary  exaltation 
of  this  mere  surface -thickening  has  led  to  the  olxscuring  of  the  really 
important  fact  that  the  ala  cinerea  is,  in  ordinary  cases,  as  definitely  pro- 
longed caudally  into  the  lateral  wall  of  the  central  canal  as  is  the  funiculus 
teres  hypoglossi.  It  may  be  suggested  that  this  fact  deserves  recognition 
by  the  use  of  such  a  term  as  "  funiculus  cinereus."  The  condition  indicated 
is  very  apparent  in  the  stereogi-aph  (fig.  7,  A  and  B),  from  a  case  uncom- 
plicated by  the  occurrence  of  any  commissural  connection  between  the 
opposing  funiculi. 

The  "  funiculus  separans  "  is  very  variable  in  its  degree  of  prominence. 
It  usually  skirts  the  dorsal  margin  of  the  cinereal  funiculus,  overlapping 
and  encroaching  upon  the  surface  of  the  latter,  and  in  some  cases  appearing 
as  if  it  formed  a  definite  caudal  boundary  for  the  "  trigonum  vagi."  It  is 
important  to  recognise  that,  where  Retzius  describes  and  figures  the  f  unicuH 
separantes  of  opposite  sides  as  fusing  across  the  median  plane  (as  in  his  fig. 
4a,  Taf.  xxxviii.),  it  is  really  the  cinereal  funiculi  which  undergo  fusion  in 
the  "  intercinereal  commissure  "  above  described ;  although,  of  course,  the 
funiculi  separantes  may  also  be  involved  in  the  fusion. 

Fig.  31,  A  and  B,  represents  a  stereograph  of  the  caudal  extremity  of  the 
fourth  ventricle  in  anotlier  case,  uncomplicated  by  median  fusion,  near  the 
calamus,  in  which  the  genuine  prolongation  downwards,  into  the  aperture 
of  the  central  canal,  of  a  funiculus  cinereus,  may  be  readily  verified.  The 
funiculus  separans  is  here  distinctly  visible,  especially  on  one  side,  as  a 
slender  and  inconspicuous  ridge,  skirting  and  overlapping  the  dorsal  part 
of  the  surface  of  the  cinereal  funiculus,  and  continued  forwards  to  gain  the 
surface  of  the  trigonum  acustici,  in  consonance  with  Retzius  s  account  of  it. 
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Fig.  32,  A  and  B,  illustrates  the  same  points  in  the  case  of  the  bulb  of  a 
human  foetus  in  which  the  funiculus  separans  stands  out  sharply  as  an 
insigniiicant  white  stria  parallel  to  and  close  to  the  dorsal  border  of  the 
funiculus  cinereus.  It  lies  just  ventral  to  the  dorso-lateral  sulcus,  between 
the  latter  and  the  elongated,  cushion-like  prominence  of  the  area  postrema. 
Again,  in  the  stereograph  reproduced  in  fig.  14,  A  and  B,  the  funiculus  separans 
is  visible,  and  here  it  is  perfectly  evident  that  the  massive  intercinereal 
commissure  is  formed,  not  of  mere  funiculi  separantcs,  but  of  the  connected 
vago-accessorial  columns  or  cinereal  funiculi.  It  is  in  the  light  of  this 
figure  that  Retzius  s  fig.  4a,  Taf.  xxxviii.,  and  fig.  14,  Taf.  xxxv.,  are  to  be 
interpreted. 

The  stereographs  referred  to  in  illustration  of  the  foregoing  statements 
also  show  that,  at  the  caudal  extremity  of  the  fossa  rhomboidalis,  in  cases 
uncomplicated  by  median  fusion,  we  find  three  columnar  elevations  dis- 
appearing under  cover  of  the  obex  into  the  rapidly  narrowing  but  dorso- 
ventrally  elongated  central  canal  of  the  bulb.  These  are  the  funiculus 
hypoglossi,  the  funiculus  cinereus  (mihi),  and  the  area  or  rather  eminentia 
postrema.  And  these  three  longitudinal  (or  oblique)  elevations  are 
separated  from  one  another  by  more  or  less  well-marked  sulci.  The 
funiculus  separans  may  be  ignored  as  a  mere  superficial  ependymal  stria. 
It  is  true  that  these  three  columns  can  only  be  tniced  a  short  distance,  as 
separate  elevations,  along  the  lateral  wall  of  the  central  canal,  which 
rapidly,  and  often  abruptlj%  decreases  in  its  dorso-ventral  extent.  It  is 
well  known,  however,  that  the  central  canal,  in  spinal  cord  and  bulb,  under- 
goes during  development  a  marked  reduction  dorso-ventral ly ;  and  it  is, 
a  priori,  reasonable  to  believe  that  in  tliis  reduction  the  morphological 
constitution  of  its  parietes  may  become  undecipherable. 

§  IX.  The  Occurrence  of  "  Interpostremal  Coalescence  "  and  the 

Relation  of  the  Obex  to  such  Fusion. 

This  abrupt  dorao-ventral  reduction,  which  the  lumen  of  the  cleft-like 
central  canal  ordinarily  undergoes  as  it  is  traced  caudally,  has  already 
formed  the  subject  of  remark  in  connection  with  the  consideration  of  figs. 
26-28,  together  with  fig.  29.  There  it  was  seen  to  be  eflfected  through 
obliteration  of  the  dorsal  moiety  of  the  canal,  from  adhesion  of  those  parts 
of  the  lateral  walls  which  were  formed  by  the  caudal  prolongations  of  the 
arese  postremae.  In  this  connection  it  is  necessary  to  examine  a  statement 
of  Retzius  in  his  account  of  the  area  postrema  in  the  foetal  brain  (1896, 
p.  42).  Retzius  remarks  that  the  obex,  when  present, "  liegt  an  dem  hinteren 
Umfang   dieser   beiden   paarigen    Parteien   (areae    postremae)    und    bildet 
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gewisserinassen  eine  Briicke  zwischen  ihnen.  Die  beiden  Parfceien  scheinen 
aber  sonst  nicht  dem  eigentlichen  Raiidsaum  der  Rautengrube  anzugelioren 
— denn  dieser  liegt  liinter  ihnen — sondern  sie  tauchen  vielmehr  aus  der 
Ausgebung  des  Centralkanals  empor.  An  ihrem  hinteren  Rande  setzt 
sich  die  Pia  mater,  in  der  Regel  mit  scharfer  Kante,  an ;  hier  isfc  audi  der 
Rand  des  Foramen  Magendii  zu  suchen."  Now  there  can  be  no  doubt  that, 
as  has  already  been  shown,  the  areas  postremaj,  when  traced  caudally  into 
the  vestibule  of  the  central  canal,  do  sooner  or  later  unite  in  a  median 
fusion.  But  it  is  not  the  median  fusion  of  these  which  constitutes  the 
obex ;  nor  is  it  correct  to  say  that  the  obex  forms  a  bridge  betiofen  the 
caudally  converging  areas  postremae,  as  suggested  in  tlie  first  portion  of  tlie 
passage  quoted.  The  second  sentence  in  the  quotation,  however,  indicates 
and  implies  the  genuine  relationship  of  the  obex,  for  the  latter  does 
belong  to  the  proper  "  Randsaum  "  of  the  roof  of  the  ventricle ;  and,  when 
fusion  of  the  opposing  areas  postremas  begins  relatively  high  up  (frontally) 
in  the  region  of  the  calamas,  their  coalesced  mass  is  bridged  oi^er  by  the 
obex.  NeverthelcvSs,  fused  or  unfused,  they  themselves  belong,  not  to  the 
roof  or  the  "  Randsaum,"  but  to  the  dorsal  portion  of  the  lateral  wall  of 
the  neural  canal  in  this  region.  Since,  however,  the  obex,  representing  the 
roof -plate,  immediately  adjoins  the  dorsal  edges  of  the  areas  postremas,  it 
follows  that  complete  coalescence  of  the  latter  across  the  median  plane 
necessarily  destroys  the  individuality  of  the  obex,  so  that  it  comes  to 
appear  simply  as  the  most  dorsal  part  of  a  mass  of  tissue,  the  main  bulk  of 
which  is  composed  of  the  fused  areas  pastremas  {cf.  esp.  figs.  27  and  28). 

It  is  a  condition  such  as  tliis  which  is  represented  in  Retzius's  illustrative 
fig.  4  on  his  Taf.  xxxv.  In  figs.  1,  2,  and  5  on  the  same  plate,  the  condition 
appears  doubtful,  though  in  fig.  5  I  suspect  that  tlie  median  fusion  of  the 
areas  postremas  did  not  involve  their  entire  extent,  and  that  the  obex  had 
therefore  in  some  degree  retained  its  individuality. 

The  stereograph  herewith  reproduced  in  fig.  33,  A  and  B,  illustrates  a 
human  fcetal  bulb,  etc.,  in  which  dorsal  median  fusion  of  the  areas  postremas 
has  largely  masked  the  individuality  of  the  obex,  which  therefore  appears 
as  incorporated  with  the  commissure  between  the  former.  Here  the  delicate 
membranes,  including  the  tela  choroidea,  have,  of  course,  been  completely 
stripped  away  in  the  specimen,  but  the  line  of  attachment  of  the  tasnia  is 
still  faintly  visible  under  stereoscopic  inspection,  skirting  the  dorsal  margin 
of  the  prominence  of  the  area  postrema,  and  is  traceable  caudally  into  the 
deep  depression  between  the  very  prominent  clava?. 

That  a  more  pai-tial  median  fusion  of  the  area?  postremae  may  occur 
ventrally  to,  and  structurally  independent  of,  the  obex,  is  proved  by  such 
figs,  as  Retzius's  fig.  7,  Taf.  xxxv.,  from  an  adult  medulla  oblongata.     The 
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foetal  condition  exemplified  in  fig.  33  is  further  illustrated  by  the  sectional 
figs.  34-37,  which  are  photomicrographs  of  portions  of  four  of  the  serial 
transverse  sections  obtained  after  paraffin  embedding. 

Fig.  34  illustrates  the  most  frontal  of  the  planes  represented.  It  passes 
through  the  bulb  just  where  the  areae  postremai  are  coming  into  tolerably 
close  proximity  with  one  another  during  their  rapid  caudal  convergence 
(vide  stereograpliic  fig.  33).  In  the  lateral  ventricular  walls  are  seen  the 
three  columnar  elevations  to  which  reference  has  fre(}uently  been  made  in 
the  preceding  pages.  The  ventral  of  these  (hypoglossal  colunm)  is  limited 
in  extent. 

The  pia-ependymal  roof  is  necessarily  lacking,  since  it  was  removed 
before  the  stereograph  in  fig.  33  was  taken.  But  one  may  still  discern 
the  site  of  its  bilateral  attachment,  at  the  dorso-lateral  angles  of  the  aresB 
postremae.  As  far  as  these  points  on  each  side,  the  entire  ventricular 
walls  are  lined  by  ependymal  epithelium.  This  is  different  in  character 
in  the  ventral  and  dorsal  portions  of  the  canal.  Dorsally  from  the  well- 
marked  "  dorso-lateral  sulcus "  the  ependymal  epithelium  is  flattened  and 
inconspicuous.  It  is,  nevertheless,  quite  easily  discernible,  covering  the 
prominence  of  the  area  postrema  as  far  as  the  site  of  attachment  of  the 
membranous  roof-plate.  Ventrally  from  the  dorso-lateral  sulcus,  the 
ependymal  epithelium  is  markedly  colunmar,  where  it  covers  the  elevations 
corresponding  to  the  vago-accessorial  and  hypoglossal  nuclei.  These  two 
elevations  are  separated  by  the  slight  but  distinct  representative  of  the 
"  ventro-lateral  sulcus." 

Fig.  35  shows  the  gradual  narrowing  of  the  ventricular  cleft.  In  its 
most  dorsal  region,  however,  the  cavity  still  widens  out  horizontally  under 
the  thin  and  widely  extended  roof -plate  (alxsent  in  the  section). 

Fig.  36  represents  a  section  which  just  grazes  the  anterior  or  frontal 
border  of  the  interpostremal  commissure  which  is  visible  in  fig.  33.  Note, 
however,  the  continued  presence,  dorsally  to  this  median  coalescence,  of  the 
thin  ependymal  lining  of  a  suprapostremal  recess  of  the  ventricular  cavity. 
The  interpostremal  coalescence  is  rapidly  producing  obliteration  of  the 
original  dorsal  moiety  of  the  cleft-like  ventricular  cavity,  whose  uncom- 
plicated form  is  so  well  illustrated  in  figs.  9,  10,  etc.  At  the  same  time,  the 
original  configuration  of  the  lateral  walls  of  the  cavity  has  now  become 
unrecognisable. 

In  the  next  figure  (fig.  37)  the  interpostremal  coalescence  is  practically 
complete :  but  dorsally  to  it  there  is  still  to  be  seen  the  reumant  of  the 
suprapostremal  ventricular  recess,  represented  by  part  of  its  flattened 
epithelial  ependymal  lining.  Immediately  caudal  to  the  plane  of  this 
section,  the  thin  pia-ependymal  roof-plate  in  the  angle  of  the  calamus — 
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which  alone  represented  the  obex  in  this  case — became  adherent  to  the 
dorsal  aspect  of  the  interpostremal  commissural  mass.  This  incorporation 
of  the  membranous  representative  of  the  obex  with  the  latter  occasioned 
final  obliteration  of  the  suprapostremal  ventricular  cavity.  But  it  is 
obvious  that  the  total  removal  of  the  membranous  roof -plate,  during  the 
preliminaiy  dissection,  involved  the  complete  destruction  of  the  obex- 
representative. 


§  X.  Summary  of  Staderini's  Observations  on  the  Mode  of  Tran- 
sition FROM  Central  Canal  to  Fourth  Ventricle.  Criticism 
OF  HIS  Views. 

Staderini  is  the  only  writer  known  to  me  who  has  attempted  to  deal 
at  length  with  the  details  of  the  transition  from  central  canal  to  fourth 
ventricle. 

The  following  summary  of  Staderini's  views  and  observations  has  been 
compiled  with  the  aid  of  abstracts  in  Merkel  and  Bonnet's  Etyrbnlsse 
for  1894  (Bd.  iv.  p.  235),  and  in  the  Ital.  Arch,  de  Biol,  (xxiii.  p.  456, 
1895),  together  with  the  text  of  the  original  paper  itself  (1894): — 

In  the  bulb  there  exists  for  a  certain  distance,  besides  the  central  canal, 
another  dorsally  placed  space.  The  two  canals  gradually  widen  out 
towards  the  brain,  finally  become  confluent,  and  open  in  common  into  the 
ventricle  after  they  have  passed  the  plane  of  the  calamus  scriptorius.  The 
presence  of  this  double  canal  is  to  be  explained  by  the  fact  that,  dorsal  to 
the  central  canal,  in  the  place  where  the  dorsal  columns  separate  from  one 
another,  the  substantia  gelatinosa  individualises  itself  and  appears  as  a 
wedge  dividing  the  posterior  commissure  in  its  entire  height  into  two 
similar  halves :  the  point  of  the  wedge  forms  the  roof  of  the  central  canal : 
the  base  is  at  first  covered  by  pia  but  further  cephalad ;  this  is  raised  up, 
and  there  appears  immediately  under  it  a  thin  membranous  continuation 
of  the  tela  of  the  fourth  ventricle.  This  is  separated  by  a  small  space  from 
the  surface  of  the  wedge,  and  is  united  to  it  at  the  sides,  thus  walling  in 
the  space.  When  one  proceeds  upwards,  this  cavity  dilates  further,  and 
then  on  the  surface  of  the  wedge  of  substantia  gelatinosa  a  furrow  appears, 
finally  splitting  it  up  so  that  the  central  canal  and  this  dorsal  space  come 
into  communication.  Their  cavities  unite,  and  are  continued  onwards  into 
the  fourth  ventricle.  Staderini  finds  the  explanation  of  this  arrangement 
in  development.  In  the  central  canal,  at  a  certain  period,  two  lumina 
appear  owing  to  contact  of  portions  of  the  lateral  walls.  The  dorsal  of 
these  is  destined  to  disappear.     In  the  bulb,  obliteration  of  the  dorsal  cavity 
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fails  to  take  place.  The  author  is  of  opinion  that  from  these  facts  one 
can  better  explain  the  resemblance  in  the  arrangements  of  the  fossa 
rhomboidalis. 

It  is  obvious  that  the  developmental  explanation  put  forward  by 
Staderini  is  in  general  agreement  with  that  worked  out  in  the  earlier 
sections  of  the  present  paper.  And  it  will  further  appear  that  the  fully 
developed  condition  which  has  been  described  by  Staderini  is  practically 
identical  with  one  of  the  several  varieties  of  the  transition-region 
between  central  canal  and  fourth  ventricle,  which  I  have  distinguished 
in  the  course  of  my  descriptive  account  of  the  different  specimens.  The 
only  case  which  seems  to  answer  precisely  to  the  type  recognised  by 
Staderini  is  that  which  is  illustrated  in  figs.  34-37.  But  the  mode  of 
statement  adopted  by  Staderini  in  his  description  of  this  case,  though  not 
inaccurate,  seems  to  me  to  be  far  from  happy,  and  tends  to  convey  a  quite 
inadequate  conception  of  the  real  nature  of  the  structures  met  with.  This 
is  no  doubt  attributable  to  Staderini^s  failure  to  recognise  the  existence  of 
several  varieties  of  conformation  in  this  region ;  and,  in  particular,  of  that 
simple,  uncomplicated  type  which  we  have  traced  and  illustrated  in  figs. 
9-10  and  16-19.  It  is  the  occurrence  of  this  type  which  enables  us  most 
readily  to  connect  the  adult  condition,  in  its  several  varieties,  with  that 
met  with  in  the  embryonic  condition. 

There  are,  however,  in  addition,  certain  criticisms  in  detail  which  must 
be  passed  upon  Staderini's  account  of  the  particular  variety  which  he 
regards  as  typical.  In  the  first  place,  the  "  wedge  of  substantia  gelatinosa  " 
of  which  he  speaks  cannot  be  other  than  the  product  of  the  interpostremal 
coalescence  to  which  I  have  called  attention.  The  "  splitting "  in  two  of 
this  "  wedge  "  is  simply  an  awkward  and  obscure  presentation  of  the  fact  of 
that  coalescence  of  which  Staderini  himself  seems  to  be  aware,  as  a  develop- 
mental fact. 

In  the  second  place,  Staderini  has  made  no  reference  to  the  part  which 
the  obex  plays  in  the  process  to  which  he  has  referred.  It  is  not  clear  that 
he  has  wholly  avoided  a  confusion  between  a  suprapostremal  recess,  which 
lies  ventral  to  the  plane  of  the  true  obex  or  its  representative,  and  an 
ependymal  recess  dorsal  to  the  plane  of  the  obex.  The  latter  is.  the 
representative  of  a  portion,  at  least,  of  Blake  s  "  caudal  evagination  "  of  the 
membranous  ventricular  roof ;  whilst  the  former  is  the  dorsal  moiety  of  the 
original  cleft-like  central  canal  immediately  below  the  point  at  which  it 
opens  into  the  fourth  ventricle. 
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§  XI.  Microscopical  Anatomy  of  the  Area  Postrema.    The 

"Nucleus  Postremus." 

Attention  has,  in  a  previous  section  of  this  paper,  been  drawn  to  the 
peculiar  histological  characters  of  the  area  postrema  and  its  caudal 
continuation. 

These  characters  have  not  escaped  notice.  Retzius  originally  described 
the  area  postrema  as  a  peculiar,  grey,  spongy-looking  area. 

Blake  {loc.  cit.)  claims  to  have  ascertained  that  the  "  area  postrema  "  is 
the  ventricular  aspect  of  the  "  secondary  rhomboidal  lip  "  of  His,  as  present 
in  the  lower  part  of  the  fourth  ventricle.  This  appears,  he  says,  "  in  frontal 
sections  advancing  cephalad  of  the  obex,"  "as  a  well-marked,  rather 
vascular  body  which  can  be  readily  recognised  as  staining  deeply,  especially 
in  advanced  embryos.  Figs.  28  and  31,  human ;  fig.  33,  cat.  It  is  usually 
closely  fused  with  the  oblongata,  but  the  line  of  division  as  a  rule  can  be 
identified  by  the  entrance  of  vessels."  Blake's  fig.  31,  in  particular  (from 
a  human  foetus  at  full  term),  coincides  very  closely  with  the  general 
appearance  of  the  sections  I  have  obtained  from  the  same  region  in  the 
adult.  Blake,  however,  gives  no  further  account  of  the  microscopical 
anatomy  of  the  "  area  postrema "  beyond  the  designation  of  it  (quoted 
above)  as  a  "  rather  vascular  body "  .  .  .  "  staining  deeply." 

It  will  appear  from  the  account  I  have  given  above  of  the  area  pastrema, 
that  I  cannot  accept  Blake's  interpretation  of  its  morphological  niature. 
The  mere  fact  that  one  is  able  to  follow  the  area  postrema  in  a  caudal 
direction  into  the  lateral  wall  of  the  central  canal,  as  in  figs.  19,  9,  and  10,  is 
itself  sufficient  to  contradict  the  view  of  its  homology  with  the  secondary 
rhomboidal  lip.  And  indeed  one  can  still  trace  the  prolongation  of  the 
peculiar  tissue  of  the  area  postrema  well  below  the  levels  represented  in  the 
figures  cited. 

In  his  paper  already  referred  to,  G.  L.  Streeter  (1903)  deals  more  specifi- 
cally and  expressly  with  the  structure  of  the  cross-section  of  the  medulla- 
oblongata  in  relation  to  the  topographical  features  of  the  floor  of  the 
ventricle  as  described  by  Retzius;  and,  amongst  other  points,  with  the 
microscopical  anatomy  of  the  region  corresponding  to  the  area  postrema. 
Though,  however,  the  structure  is  correctly  (but,  for  our  present  purpose, 
inadequately)  figured  in  the  author's  Plate  III.  fig.  4,  nothing  is  added  to 
Blake's  conception  of  its  nature.  The  following  statements  embody 
Streeter 's  observations  with  regard  to  the  latter  question :  "  The  space 
between  the  attachment  of  the  tela  and  the  median  line  is  divided  by 
surface-furrows  into  three  areas.  The  outermost  area  consists  superficially 
of  a  loose  vascular  tissue,  similar  in  structure  to  the  vascular  area  seen  in 
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sections  1  and  2.  Here  it  eori'esponds  to  the  area  postreraa  of  Retzius." 
.  ..."  It  will  be  observed  in  section  4  (PL  III.)  that  the  area  postrema 
does  not  represent  an  intraventricular  part  of  the  nuclei  of  the  posterior 
columns  of  the  cord,  but  is  a  vascular  structure  overlapping  the  vagus 
nucleus,  and  associated  in  structure  and  position  with  the  obex,  tela 
choroidea,  and  the  wedge-shaped  area  seen  in  fig.  2  "  (p.  305). 

These  statements  fail  to  throw  much  light  on  the  nature  of  this  interest- 
ing area.  All  accounts  agree  in  recognising  the  more  vascular  character  of 
the  grey  matter  of  the  area  postrema.  The  degree  of  its  vascularity  is, 
however,  subject  to  some  variation.  As  a  rule  it  is  permeated  by  numbers 
of  small  arteries  and  arterioles  with  relatively  thick  muscular  walls.  But 
in  addition  to  this  abundant  vascularity,  the  grey  matter  of  the  area 
postrema  is  characterised  by  a  remarkably  loose  and  open  texture  of  its 
myelospongium,  in  virtue  of  which  the  tissue  possesses  great  delicacy  and 
shows  great  liability  to  injury  in  the  processes  of  section  preparation. 

In  addition  to  these  characters,  however,  the  tissue  of  the  area  postrema 
is  characterised  by  the  presence  of  nerve-cells,  forming,  at  all  events  in 
some  cases,  a  very  definite  and  prominent  neuronic  group.  Retzius  has 
remarked  that  the  area  postrema  is  subject  to  considerable  variation  as 
regards  the  extent  of  its  development.  Neither  of  the  writers  I  have  cited 
would  appear  to  have  recognised  the  existence  of  neurones  in  this  tissue, 
which  they  seem  to  regard  as  merely  vascular.  I  have  found  considerable 
variation  as  to  the  relative  abundance  of  the  nerve-cells,  but  I  have  never 
found  them  entirely  absent.  And,  in  several  of  the  series  of  microscopical 
sections  in  my  possession,  I  find  the  neurones  present  so  numerous,  and  so 
distinctly  localised  as  a  definite  group,  as  to  deserve  special  recognition  and 
designation  as  a  "  nucleus  postremus." 

As  already  mentioned,  the  neuroglia  system  of  this  nucleus  postremus 
consists  of  a  delicate,  loose,  and  open  myelospongium,  quite  different  from 
that  of  the  tissue  surrounding  it.  From  the  latter  it  is  somewhat  abruptly 
differentiated,  except  in  the  direction  of  the  taenia,  into  which  the  transi- 
tion is  a  more  gi*adual  one.  That  the  distinction  of  its  neuroglia  system  is 
a  primary  one  is  shown  by  the  fnetal  condition  reproduced  in  figs.  21  and 
21a,  in  which  the  part  played  by  the  dorso-lateral  neuroglia  septum  is  a 
very  obvious  one.  From  other  preparations  it  would  seem  that  the  dorso- 
lateral limitation  of  the  mass  of  the  nucleus  postremus,  at  least  in  the  adult, 
is  partly  conditioned  by  the  entiy-of  blood-vessels.  The  general  vascularity 
of  the  nucleus  is  well  illustrated  by  figs.  23-25.  Fig.  28  has  previously 
been  referred  to  as  showing  the  emergence  of  the  area  postrema  upon  the 
floor  of  the  ventricle.  The  section  from  which  the  photomicrograph  was 
taken  was  stained  with  methylene  blue.     On  the  right  sid^  of  the  figure 
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the  hypoglossal  and  vagus  nuclei  are  readily  recognisable,  whilst  the 
nucleus  postremus  stands  out  prominently  as  a  quite  sharply  defined  area, 
thickly  dotted  with  the  bodies  of  small  and  medium-sized  polymorphic 
neurones.  Perhaps  the  more  prevalent  form  is  flask-shaped  or  pyriform, 
often  with  one  large  polar  dendrite  and  an  axone  arising  from  the  opposite 
pole.  Nevertheless,  both  spheroidal,  and  more  or  less  triangular,  forms  also 
occur.  A  view  of  the  nucleus  as  a  whole,  showing  the  distribution  of  the 
neurones,  is  seen  in  fig.  30  from  another  section  of  the  same  specimen. 

A  reproduction  of  a  high-power  photomicrograph  of  a  portion  of  the 
nucleus  showing  a  number  of  the  characteristic  neurones  is  given  in  fig.  38. 
The'  section  was  stained  with  methylene  blue,  and  the  coarsely  granular 
Nissl  bodies  are  apparent  in  the  cytoplasm. 

Fig.  39  shows  a  photomicrograph  of  a  portion  of  the  nucleus  postremus 
from  another  section  stained  with  iron  hsematoxylin  by  Benda's  method. 
This  figure  aflTords  a  very  clear  conception  of  the  histological  characters  of 
the  nucleus  in  a  case  in  which  the  neuronic  character  is  predominant. 
Other  cases  occur  in  which  the  neurones  are  far  more  sparsely  distributed. 
In  these  the  loose  myelospongium  is  traversed  by  numerous  blood-vessels 
which  are  frequently  distinguished  by  a  specially  thick-walled  character. 

I  have  not  thus  far  been  able  to  make  any  special  investigation  of  the 
paths  followed  by  the  axones  of  this  group  of  neurones.  I  have,  however, 
seen  numbers  of  fibres  apparently  proceeding  from  the  nucleus  at  its  dorso- 
lateral angle,  and  appearing  to  turn  dorsally  into  the  roof  in  the  neighbour- 
hood of  the  ponticulus  which  contains  many  medullated  fibres.  But  I 
cannot  at  present  certainly  identify  these  fibres  with  the  axones  of  the 
neurones  of  the  nucleus  postremus. 

The  earlier  literature  of  the  microscopical  anatomy  of  the  region  under 
consideration  is  not  wholly  devoid  of  the  suggestion  that  the  nervous 
character  of  this  interesting  structure  has  previously  been  recognised. 

In  Henle's  Nervenlehre  the  prominence  of  the  area  postrema  is 
indicated  in  fig.  123  by  the  reference  letters  Ac^,  and  the  following  state- 
ment occurs  in  the  neighbouring  text  (p.  207) :  "  Die  Gefasshaut,  die  den 
Obex  einhlillt,  sendet  zuweilen  langs  dem  vorderen  Rande  der  Clava  einen 
Fortsatz  ins  Innere  des  verlangerten  Marks,  nach  dessen  Entfernung  eine 
tief e  Rinne  zurlickbleibt,  welche  Clava  und  Ala  cinerea  scheidet ;  in  anderen 
Fallen  schiebt  sich  zwischen  beide  ein  schmales  rhombisches  Leistchen  ein, 
welches  aus  der  Medianfurche  hervorlauft  und  dem  vorderen  Rande  der 
Clava  folgt,  der  Accessoriuskem  Stilling's  (Ac^)."  And,  in  a  footnote  to 
this  reference  to  the  "Accessoriuskem,"  Henle  adds,  "Die  graugelbliche 
kolbenformige  Substanz  Bergviann" 

I  have  not,  so  far,  been  able  to  consult  Stilling's  description  and  figures. 
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but  it  is  possible  that  in  naming  the  small  mass  of  tissue  in  question 
"  Accessoriuskem,"  Stilling  was  aware  of  its  nerve-cellular  character.  If 
this  be  so,  the  fact  has,  so  far  as  I  know,  been  entirely  overlooked  since 
Henle's  reference  quoted  above.  In  any  case,  no  descriptive  account  of  it 
has  ever  found  its  way  into  modern  neurological  literature. 

In  figures  of  cross-sections  through  the  corresponding  region  of  the 
brain  of  the  rabbit.  Van  Gehuchten  (1900,  figs.  374  and  377)  does  actually 
represent  a  markedly  prominent  mass,  apparently  containing  numerous 
small  nerve-cells.  This  mass  is,  without  doubt,  the  homologue  of  the 
nucleus  postremus  described  in  this  paper.  No  reference  is  made  to  it  by 
Van  Gehuchten,  either  in  the  text  or  in  the  explanation  of  the  figures. 
From  a  neighbouring  figure  (fig.  376)  one  is  enabled  to  infer  that  the 
prominences  of  opposite  sides  become  confluent  with  one  another  at,  or  just 
below,  the  point  corresponding  to  the  calamus  scriptorius.  This  median 
coalescence  is  obviously  the  same  as  that  which  has  been  above  described 
as  taking  place  in  the  human  subject  in  varying  degrees. 

§  XII.  Summary. 

1.  The  ordinarily  cun^ent  descriptions  of  the  neural  canal  of  the  bulb, 
immediately  below,  and  at,  its  transition  into  the  cavity  of  the  fourth 
ventricle,  are  incomplete  and  more  or  less  discrepant.  There  is  also  a  lack 
of  adequate  pictorial  illustration  of  the  sectional  anatomy  of  the  region. 

2.  Henle  gave  a  tolerably  detailed  account  of  the  structural  conditions 
met  with  in  the  region  in  question.  He  recognised  the  occurrence  of 
certain  variations,  which  he  attempted  to  classify.  Henle  s  description 
was,  however,  vitiated  more  or  less  by  the  lack  of  precise  knowledge  of 
the  structure  and  relations  of  the  roof  of  the  neural  canal  at  and  in  the 
vicinity  of  the  calamus  scriptorius.  This  deficiency  is  attributable  to  the 
imperfect  methods  of  sectional  investigation  at  his  command. 

3.  Our  knowledge  of  the  naked-eye  anatomy  of  this  locality  has  been 
amplified  by  Retzius,  who  has  also  noted  certain  variations  in  structure. 

4.  Blake  also  made  an  important  contribution,  in  his  investigations 
regarding  the  occurrence  of  a  caudal  evagination  or  protrusion,  as  a  feature 
of  the  development  of  the  mammalian  rhombencephalon. 

5.  The  more  or  less  imperfect  representative,  in  the  human  adult  subject, 
of  Blake's  "  caudal  protrusion,"  is  commonly  recognisable.  It  extends 
dorsally  to  the  obex,  and  a  remnant  of  its  pia-ependymal  wall  is  reflected 
from  the  dorsal  surface  of  the  caudal  extremity  of  the  obex. 

6.  The  obex  is  essentially  a  modification  of  the  roof -plate  of  the  neural 
canal,  situated  immediately  behind  the  site  of  the  caudal  evagination  of 
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the  thinned-out  roof  of  the  rhombencephalon.  As  Blake  has  pointed  out, 
it  represents  the  dorso-median  structural  continuity  of  the  "secondary 
rhomboidal  lips  *'  of  His. 

7.  Two  forms  of  obex  are  met  with  in  the  human  adult :  (a)  the  "  true 
obex"  is  constituted  by  a  medullary  thickening  of  the.  roof -plate  in  the  site 
indicated,  where  the  secondary  rhomboidal  lips  of  opposite  sides  are  con- 
tinuous ;  (b)  a  "  false  "  or  membranous  obex  is  met  with  in  cases  in  which 
the  medullary  thickening  fails  to  take  place.  The  roof-plate  is  then 
represented  only  by  the  ependymal  layer,  clothing  the  ventral  surface  of 
a  pial  reduplication  which  forms  the  main  substance  of  the  membranous 
fold  in  question.  Here  the  pial  reduplication  reaches  the  anterior  free 
border  of  the  "  false  obex."  Where  a  "  true  obex  "  is  present,  on  the  other 
hand,  the  pia  does  not  extend  forwards  to  its  anterior  border,  but  is  reflected 
(along  with  a  layer  of  ependymal  epithelium)  from  the  dorsal  aspect  of  the 
caudal  extremity  of  the  obex. 

8.  The  characters  of  the  lumen  of  the  central  canal  of  the  bulb  near  its 
entry  into  the  fourth  ventricle  are  prone  to  variation. 

9.  Staderini  has  given  a  substantially  correct  descriptive  account  of  the 
structural  changes  met  with  (in  typical  cases)  during  the  transition  from 
the  central  to  the  fourth  ventricle.  His  account,  however,  fails  to  convey 
any  adequate  idea  of  the  real  nature  of  the  processes  involved ;  and  he  does 
not  appear  to  have  recognised  the  existence  of  an  important  class  of  atypica 
cases  possessing  widely  different  features. 

10.  In  typical  cases  the  central  canal  of  the  bulb,  immediately  below  its 
entrance  into  the  fourth  ventricle,  retains  the  typical  embryonic  form 
described  and  figured  by  His  as  existing  in  the  foetal  spinal  canal.  It  is 
cleft-like  in  form,  and  its  lateral  walls  are  marked  by  two  sulci,  dorso-  and 
ventro-lateral. 

11.  The  narrower  dorsal  portion  of  the  cleft-like  lumen  becomes  obliter- 
ated lower  down,  in  consequence  of  a  coalescence  of  its  walls,  determined  by 
the  close  apposition  of  the  dorsal  white  columns.  The  preservation  of  the 
dorsal  cleft  in  the  region  immediately  below  the  calamus  is  accounted  for  by 
the  "  divergence  of  the  clavae  "  and  the  consequent  removal  of  the  hamper- 
ing influence  of  the  dorsal  columns. 

12.  The  two  lateral  sulci  of  the  central  canal  limit  three  longitudinal 
zones.  These  are  continuous  with  the  three  areas  of  the  lower  part  of  the 
floor  of  the  ventricle,  viz.,  area  postrema,  ala  cinerea,  and  area  or  funiculus 
hypoglossi.  These  correspond  to  the  three  longitudinal  zones  constantly 
recognised  in  the  rhombencephalon  of  lower  vertebrates  by  v.  Kupffer.  The 
area  postrema  of  Retzius  represents  the  true  dorsal  zone  of  the  embryonic 
canal  in  this  region.     It  is  specially  prominent  in  the  fcetal  bulb.     It  is 
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impossible  to  trace  these  three  zones  of  the  central  bulbar  canal  caudally 
beyond  a  very  short  distance,  on  account  of  the  appearance,  in  that 
direction,  of  a  process  of  median  coalescence  of  the  opposing  walls  of 
the  canal. 

13.  The  extent  of  median  fusion  of  the  walls  of  the  cleft-like  canal  of 
the  bulb  is  subject  to  variation  in  degree,  as  well  as  regards  the  precise 
areas  affected  by  the  fusion  process.  In  typical  cases  there  is  an  entire 
absence  of  coalescence  in  the  vestibular  region  lying  immediately  below  its 
opening  into  the  ventricle. 

14.  The  coalescence  ordinarily  first  appears  in  the  dorsal  zone,  i.e,  in 
that  portion  of  the  lumen  whose  walls  are  formed  by  the  are®  postrenia^ 
giving  rise  to  "  interpostremal  coalescence."  This  may  set  in  at  varying 
levels.  If  it  occur  specially  high  up,  the  coalesced  interpostremal  mass 
may  also  become  continuous  with  the  roof-obex  overlying  it.  If  such  an 
incorporation  of  the  overlying  roof -plate  do  not  occur,  then  a  "supra- 
postremal  recess"  between  them  will  remain. 

15.  The  process  of  median  coalescence  of  the  walls  of  the  canal  may, 
however,  first  affect  the  intermediate  zones  of  these  walls,  leaving  the 
dorsal  zone  at  that  level  free  from  median  fusion.  When  this  occurs,  an 
intercinereal  commissural  connection  is  established  between  the  cinoreal 
funiculi  of  opposite  sides.  This  commissural  connection  may  occur  as  high 
as  the  junction  of  the  central  canal  with  the  fourth  ventricle.  It  then 
occasions  the  appearance  of  two  central  canals,  ventral  and  dorsal,  l)oth 
opening  into  the  ventricular  cavity.  The  latter  constitutes  a  "supra- 
commissural  recess." 

16.  The  "  funiculus  separans  "  of  Retzius  is  a  mere  ependymal  strip  or 
stria.  The  appearance  of  a  median  fusion  of  these  "funiculi,"  noted  by 
Retzius,  is  in  reality  due  to  the  development  of  an  intercinereal  commissure, 
which  may  involve  the  "  funiculi  separantes." 

17.  The  prominence  of  the  area  postrema  is  seen  on  section  to  be 
occupied  by  a  myelospongium  of  specially  loose  and  delicate  character. 
It  is  richly  vascularised ;  and  is  also  characterised  by  the  presence  of 
neurones  of  moderate  size.  These  are  always  present,  and,  in  what  may 
probably  be  regarded  as  the  typical  cases,  the  neurones  are  very  abundant 
throughout  the  mass  of  tissue  corresponding  to  the  area  postrema.  This 
mass  of  tissue  is  pretty  sharply  marked  off*  from  the  surrounding  tissue  by 
a  neuroglia  septum  as  well  as  by  conspicuous  differences  in  histological 
character,  and  the  neurones  occupying  it  form  a  very  well-defined  group 
which  may  therefore  be  distinguished  as  a  "  nucleus  postremus." 

18   The  structural  connections  of  the  neurones  of  the  nucleus  postremus 
have  not,  thus  far,  been  ascertained. 
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EXPLANATION  OF  FIGS.  21a-38. 

Fig.  21a  (  X  104). — Here  a  portion  of  the  field  of  fig.  21  is  shown  under  higher 
magnification.  The  characters  of  the  ependyma  are  well  illustrated.  At  the  bottom 
of  the  dorso-lateral  sulcus  is  a  group  of  much  elongated  ependyma  cells  whose  deep 
extremities  are  prolonged  as  a  leash  of  fibrils  forming  a  very  well-marked  ependymal 
neuroglia  septum.  This  constitutes  a  fairly  definite  ventrolateral  boundary  for  tlie 
tissue  of  the  nucleus  postremus,  limiting  it  off  from  the  cellular  systems  in  its 
neighbourhood.  The  flattened  ependymal  epithelium  clothing  the  free  surface  of 
the  area  postrema  is  visible  onl}'  here  and  there,  though  it  was  actually  present  over 
the  entire  surface.  Tlie  stain  employed  (the  section  was  an  old  brown  Weigert 
preparation)  was  not  adapted  to  bring  out  the  neurones  of  the  nucleus  postremus. 

Fig.  22  (  X  4). — Stereograph  of  dorsal  aspect  of  specimen  vi.  (rf.  figs.  12-14),  after 
removal  of  the  ventricular  roof,  but  with  the  false  or  membranous  obex  still  in  situ. 
The  funiculus  hypoglossi  is  well  seen.  Its  surface  shows  the  characteristic  marking 
which  gave  rise  to  Retzius's  description  of  an  "area  plumiformis. " 
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Fig.  23  (  X  24). — From  a  transverse  section  through  the  lower  part  of  the  fourth 
ventricle  of  the  adult  human  specimen  which  is  shown  in  the  stereographs  in  tigs. 
12-14  and  22  {cf.  esp.  fig.  14).  The  plane  of  the  section  lies  above  (cephalad  of)  the 
"  intercinereal  commissure."  The  dorso-  and  ventro-Iateral  sulci  are  well  marked. 
Note  the  peculiarly  loose  and  vascular  character  of  the  stroma  of  the  nucleus 
postremus. 

Fig.  24  (  X  24). — From  a  section  about  04  mm.  behind  the  plane  of  fig.  23.  It 
passes  through  the  frontal  edge  of  the  'Mntercinereal  connnissure."  Tlie  ventro- 
lateral sulcus  is  still  visible  on  each  side,  limiting  ventrally  the  more  dorsal  wider 
portion  of  the  cleft-like  lumen.  In  otlier  words,  the  cinereal  funiculi  are  not  yet 
completely  fused  across  the  median  plane.  The  dorsal  surface  of  the  intercinereal 
commissure  forms  the  floor  of  the  supracommissural  recess  of  tlie  ventricle  (ct\  Hg.  14). 
The  roof  of  this  recess  is  destroyed,  Imt  its  lateral  attachments  are  discernihlo  at  the 
dorso-lateral  angles  of  the  postremal  masses.  The  roof  is  seen  in  situ  in  fig.  22, 
where  it  is  formed  of  the  false  or  membranous  obex. 

Fig.  25  (  X  24). — From  a  section  about  0*4  mm.  further  in  a  caudal  direction  from 
plane  of  Hg.  24.  The  intercinereal  commissure  now  extends  dorso- ventrally  the 
whole  way  from  the  dorso-lateral  to  the  level  of  the  ventrolateral  sulcus.  The 
latter  is  no  longer  apparent  as  sucli.  The  "  supracommissural  recess  "  has  consider- 
ably narrowed. 

Fig.  26  (  X  24). — From  a  section  about  0*7  mm.  behind  plane  of  fig.  25.  The 
clavse  have  largely  approximated  to  one  another  dorsally,  and  thus  the  dorsal 
portion  of  the  ventricular  cavity,  above  the  horizontal  plane  of  the  dorso-lateral 
sulci,  has  become  laterally  compressed.  In  this  way  the  dorso-ventral  extent  of  the 
cleft-like  canal  ventricular  cleft  is  greatly  increased.  The  postremal  masses  now  lie 
in  the  lateral  walls  of  the  dorsal  portion  of  the  cleft-like  lumen.  An  inflexed 
marginal  remnant  of  the  roof-plate  is  visible  on  the  left  side  of  the  figure.  Ventrally 
the  posterior  limit  of  the  intercinereal  commissure  is  just  grazed  in  the  section.  An 
oblique  line  joining  the  lumina  of  the  two  large  blood-vessels  passes  through  this 
commissural  remnant.  Dorsally  from  this,  and  just  about  the  level  of  the  dorso- 
lateral sulci  (no  longer  distinguishable  as  such),  there  is  seen  an  additional  slight 
median  fusion.  This  is  continuous,  frontally,  with  the  dorso-caudal  angle  of  the 
intercinereal  commissure ;  but  it  is  to  be  regarded  as  constituting  the  must  anterior 
portion  of  the  commencing  interpostremal  coalescence. 

Fig.  27  (  X  24). — From  a  section  about  0*1  mm.  buhind  the  plane  of  fig.  26. 
The  roof-plate  (forming  a  rudimentary  true  obex  at  the  caudal  extremity  of  the 
membranous  or  false  obex  present  in  this  specimen  vi.)  is  now  practically  complete. 
The  intercinereal  commissure  has  disappeared  entirely  from  the  ventral  part  of  the 
canal;  but  its  more  dorsal  backward  continuation  has  increased  in  thickness  and  is 
l^ginning  to  involve  the  neigh]>ouring  parts  of  the  postremal  masses  in  a  median 
fusion. 

Fig.  28  (  X  24). — From  a  section  about  0*1  mm.  behind  the  plane  of  fig.  27 
(the  section  is  reversed  as  compared  with  figs.  26  and  27).  The  dorsal  portion  of 
the  cleft-like  canal  has  undergone  a  sudden,  well-nigh  complete  obliteration  from 
interpostremal    coalescence.      Traces  of  lumen    in    this    region    may,   however,    be 


378  Professor  J.  T.  Wilson 

detected  here  and  there.  The  ventral  portion  of  the  coalesced  area  is  in  series 
with  the  dorsal  part  of  the  intercinereal  commissure  further  forwards,  and  is  probably 
not  properly  interpostremal. 

The  roof-plate  is  no  longer  distinguishable  as  such,  being  fused  with  the  coalesced 
postremal  tissue  to  form  a  common,  dorsal,  grey  commissural  mass. 

Fig.  30  (  X  125). — Photomicrograph  of  section  across  the  area  postrema,  to  show 
the  general  histological  characters  of  the  nucleus  postremus.  The  mass  is  bounded 
ventrally  by  the  dorso-lateral  sulcus  and  the  ependymal  neuroglia  septum  prolonged 
therefrom.  Its  free  surface  is  covered  by  a  distinct  layer  of  flattened  ependyma 
cells.     The  section  was  stained  with  Benda's  iron-hseraatoxylin. 

Fig.  31  (  X  4). — Stereograph  of  calamus  region,  etc.,  of  another  adult  human  bulb 
(specimen  viii.),  showing  a  typical  and  uncomplicated  central  canal  opening  into  the 
fourth  ventricle  under  cover  of  an  obex  which  is  at  least  mainly  membranous.  The 
specimen  was  not  sectioned,  hence  it  is  impossible  to  say  whether  or  not  the  ol)ex 
was  wholly  membranous. 

The  prolongation  of  the  cinereal  funiculus  into  the  lateral  wall  of  the  central 
canal  is  very  obvious.  The  "  funiculus  separans  *'  is  evident  in  the  form  of  a  slender 
stria  skirting  and  overlapping  the  dorsal  part  of  the  surface  of  the  cinereal  funiculus. 

Fig.  32  (  X  4). — Stereograph  showing  floor  of  ventricle  and  calamus  region  of 
another  f(«tal  human  medulla  oblongata  which  exhibits  the  ** typical''  arrangement. 
The  funiculus  separans  is  seen  as  an  insignificant  white  stria  pamllel  with,  and  close 
to,  the  dorsal  border  of  the  funiculus  cinereus,  and  just  ventral  to  the  dorso-lateral 
sulcus. 

Fig.  33  (  X  4). — Stereograph  showing  dorsal  view  of  bulb,  etc.,  of  a  human 
fcBtus.  The  whole  of  the  membranes,  with  the  pia-ependymal  roof  of  the  fourth 
ventricle,  have  been  removed.  Between  the  diverging  clavje,  and  more  or  less 
parallel  with  them,  are  seen  the  arese  postremae.  Caudal ly,  these  are  seen  to  meet  in 
an  interpostremal  fusion  which  simulates  an  obex.  In  reality  the  true  roof-plate, 
with  any  obex-structure  which  may  have  been  present,  had  been  removed  with 
the  membranes.  The  medially  fused  tissue  is  simply  interpostremal,  as  the  series  of 
sectional  figs.  34-36  clearly  show.  In  fact  the  dorsal  aspect  of  the  medially  fused 
postremal  mass  formed  the  floor  of  a  "  suprapostremal  recess." 

Fig.  34  (  X  30). — From  a  section  across  the  foetal  bulb  shown  in  fig.  32.  Here 
the  postremal  masses  have  pretty  closely  approximated  to  one  another.  The  dorso- 
and  ventro-lateral  sulci  show  their  characteristic  form.  They  limit  the  three 
columnar  elevations  of  the  ventricular  walls.  The  abrupt  cliange  in  the  character 
of  the  ventricular  ependyma  at  the  level  of  the  dorso-lateral  sulci  is  to  be  noted. 
The  flattened  ependymal  epithelium  can  easily  be  followed  over  the  surface  of  the 
area  postrema  to  the  point  where  the  thin  pia-ependymal  roof  had  been  torn  away 
from  its  lateral  attachments  to  the  dorso-lateral  angles  of  the  postremal  masses. 

Fig.  35  (  X  30). — From  a  section  a  short  distance  caudal  to  the  plane  of  fig.  33. 
The  gradual  narrowing  of  the  ventricular  cleft  is  apparent.  Dorsally,  however,  the 
cavity  had  still  extended  widely  in  a  horizontal  direction  beneath  the  thin  pia- 
ependymal  roof  which  is  lacking  in  the  section. 
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Fig.  36  (  X  30). — From  a  section  through  a  still  more  caudal  plane  than  that  of 
fig.  35.  The  postremal  masses  of  opposite  sides  have  been  brouglit  in  contact 
through  the  continued  narrowing  of  the  dorsal  region  of  the  ventricular  cleft,  and 
have  now  effected  a  partial  coalescence  across  the  median  plane.  It  is  to  be  noted, 
however,  that  a  triangular,  ependyma-lined,  **suprapostremal  recess  "  had  still  been 
in  existence  dorsal  of  the  area  of  interpostremal  coalescence. 

Fig.  37  (  X  30). — In  this  still  more  posterior  plane,  the  interpostremal  fusion  is 
practically   complete.     A   mere   remnant   of   the  ependyma-lined   recess   is  visible 

dorsally. 

« 

Fig.  38  (  X  600). — High-power  photomicrograph  of  a  small  portion  of  the  nucleus 
postremus  to  show  the  characters  of  its  constituent  neurones.  The  preparation  was 
stained  in  methylene  blue. 

Fig.  39  (  X  350).— Portion  of  a  section  stained  with  Benda's  iron-hajmatoxylin, 
to  show  the  neurones  and  the  general  structure  of  the  nucleus  postremus. 
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SUPERNUMERARY  LIMB  IN  A  FROG.     By  James  V. 
Gemmill,  M.A.,  M.D. 


Descripteon. 

The  apecimen  to  which  the  following  paper  has  reference  wiis  kindly 
given  to  me  by  Mr  G.  H.  Cockburn,  and  is  a  female  of  Hiuia  t<-iiipimiriii, 
half  grown. 


I-// 


n  behinc],  with  HU[Mr- 
F,  T.  to,  tliB  iionnsi  fcnmr,  til.ia,  ami 
Ursus  respective)/  ;  V,  T',  la',  the  mipernuiiiemry  rtniur,  tibi», 
and  tarauiL     The  shsfts  of  the  femun  axe  |iBrtly  united. 

The  right  thigh  is  thicker  than  nonnal,  and  carrien  at  tlic  kiit^e-Joint  ii 
Hupernumerary  leg  with  distinct  tibial,  tarttal,  and   digital   regionit.     TIh; 
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Nuperiiuiiierary  leg  articulates  by  a  synovial  joint  with  an  extra  femoral 
condyle  In  such  a  way  that  when  fully  flexed  it  lies  against  the  inner  aspect 
of  the  right  thigh. 

The  pelvis  ia  sliglitly  distorted,  but  contains  no  elements  additional  to 
the  normal  pubic,  ischial,  and  iliac  bones.  The  right  acetabular  cavity  is 
transversely  elongated,  and  has  two  shallow  depressions  for  articulation 
with  the  femur.  The  femur  is  double  at  its  proximal  and  distal  ends,  while 
the  shaft  consists  of  two  pieces  united  together  along  their  inner  surfaces. 
The  condyles  at  the  lower  end  carry  articular  surfacoii  for  the  tibiie  of  the 
normal  and  of  the  supernumerary  limb.  The  tibia  of  the  latter  is  slender 
and  slightly  shorter  than  normal ;  the  tarsus  consists  of  astragalus  and  cal- 
caneuni  united  together ;  of  the  digits  only  three  are  present,  each  contain- 
ing one  or  two  distorted  plialanges  (fig.  1). 


Fhj.  "i,— Muscles,  etc.,  on  inner  aapect  of  composite  riglit  thigh. 
T,  T',  iionuiil  and  sujiornuinorary  tibiit ;  F,  F',  normal  and  supar- 
nnnieniry  femoi'al  condyles  ;  R,  H',  normal  anil  aagiernitnierary 
ntctiiB  internuH  nniscles  ;  S,  S',  nurnml  and  8U|)eniiinierai7  senii- 
tendinosUH  innscles  ;  3p.,  the  comrnon  ]ierforating  head  of  the  two 
semitcndinosus  nmsclea  ;  St.,  St'.,  t«tidon  of  normal  and  supcr- 
tiunierarysomitendinoBus muscles  ;  Ad.,  thelargeuonimonadduotor 
mnacle. 

Matvl>-r<. — -The  right  thigh  contains,  (1)  in  relation  with  the  normal  leg, 
a  set  of  muscles  which  is  complete  except  for  the  absence  of  the  vastus 
intemus  and  sartorius,  (2)  in  relation  with  the  supernumerary  leg,  a 
reduced  set  of  muscles  grouped  together  on  the  inner  aspect  of  tiie  thigh, 
between  the  normal  rectus  anticus  and  the  rectus  internus.  This  set 
consists  of  rectus  intemus  major  and  minor,  semitcndinasus  and  ilioeus. 
The  atlductor  magnus  is  attached  to  both  femoral  shafts,  and  the  common 
extensor  tendon  divides  into  two  at  the  knee,  one  slip  going  to  the  normal 
tibia  and  tho  otlier  to  the  tibia  of  the  supernumerary  leg.     The  normal  aod 
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the  accessory  semitendinosus  have  a  common  perforating  head  of  origin. 
In  the  supernumerary  leg,  gastrocnemius,  peroneus,  tibialis  anticus,  and 
tibialis  posticus  can  be  recognised  as  fibrous  bands  containing  a  small 
amount  of  muscular  tissue. 

Nerves. — In  the  sacral  plexus  the  seventh  and  eighth  spinal  nerves  on  the 
right  side  are  enlarged,  and  the  seventh,  after  giving  off  the  ilio-hypogastric 
branch,  receives  an  unusually  large  accession  of  fibres  from  the  eighth.  The 
right  crural  nerve  thus  formed  has  the  following  distribution ;  (1)  cutaneous 
branches  to  skin  of  thigh,  (2)  branches  to  such  of  the  normal  thigh  muscles 
as  are  usually  innervated  by  the  crural,  (3)  branches  to  all  the  accessory 
thigh  muscles,  (4)  a  considerable  branch  which  runs  down  under  cover  of 
the  accessory  sartorius,  and  reaching  the  back  of  the  supernumerary  leg, 
becomes  its  posterior  tibial.  The  vascular  supply  of  the  supernumerary  leg 
is  derived  from  the  crural  vessels. 

Classification. 

This  specimen  is  best  included  under  "  homotopic  redundancy,"  a  term 
introduced  by  Windle  (Journ.  of  Avid,  and  Physiology,  vol.  xxviii. 
p.  25)  as  covering  by  far  the  greater  number  of  those  abnormalities  of 
excess  which  do  not  depend  on  duplicity  of  the  embryo.  The  specimen  is 
intermediate  between  ilio-j)olyinehiH  and  inelo-inehiH  as  defined  by  TaruflS 
(Stoi^'ia  delUt  Trndologid,  vol.  iii.  pp.  341  and  408),  because,  while  the  right 
limb  is  completely  double  only  from  the  knee  downwards,  there  is  partial 
duplicity  of  the  femur  and  of  the  soft  structures  in  the  thigh  right  up  to 
the  pelvis. 

The  innervation  of  the  supernumerary  leg  from  the  crural  nerve  may 
be  referred  to  as  being  of  great  interest.  It  shows  that  the  redundant 
limb-bud  developed  in  a  position  proserial  to  the  normal  limb.  An  excellent 
example  of  a  similar  arrangement  is  cjuoted  by  Tarufii  from  Fabretti  and 
Cavanna  (TaruflS,  l.c,  vol.  iv.  p.  407).  In  this  case  the  accessory  limb  was 
attached  to  an  extra  ilium  which  stretched  from  the  normal  symphysis 
pubis  to  the  left  transverse  process  of  the  ninth  vertebra. 

Owing  to  its  defective  development,  the  supernumerary  limb  in  my  speci- 
men is  not  recognisable  externally  as  either  right  or  left.  But  the  relations 
of  the  extra  sartorius,  gastrocnemius,  peroneus,  and  tibialis  muscles  to  the 
accessory  tibia  are  those  of  a  left  limb.  In  the  thigh  the  relation  of  the 
extra  muscles  to  the  normal  set  shows  distinct  bilateral  symmetry,  the 
extra  set  being  disposed  on  one  side  of  a  middle  line  as  if  mirrored  from 
the  normal  ones.  In  these  respects  the  secondary  symmetry,  illustrated  so 
fully  by  Bateson  as  occurring  in  the  supernumerary  limbs  of  insects,  etc., 
can  be  recognised  in  my  specimen. 
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It  will  be  seen  from  the  tables  appended  that  a  complete  series  can  be 
made  out,  ranging  from  cases  of  polydactylism,  through  doubling  of  the  foot, 
to  examples  of  a  fully  developed  accessory  limb. 

Similarly,  a  complete  series  can  be  made  out  between  accessory  single 
limbs  and  accessory  pairs  of  limbs.  There  can  be  no  doubt,  I  think,  that 
.in  Amphibia  both  series  may  arise  through  "repetition,"  independent  of 
duplicity  in  the  embryo.  On  the  other  hand,  the  case  recorded  by  Van 
Deen,  in  which,  along  with  bifurcation  of  the  alimentary  canal,  there  was  a 
pair  of  accessory  hind-limbs,  can  best  be  explained  in  terms  of  original 
axial  duplicity. 

Exceedingly  few  examples  of  axial  duplicity  in  Amphibia  have  been 
recorded  beyond  those  which  occur,  for  the  most  part  artificially,  in  the  ovum 
or  very  early  embryo.  None  of  them,  so  far  as  I  know,  have  been  found 
at  an  age  which  would  throw  light  on  the  origin  of  accessory  limbs.  Distin- 
guished from  axial  duplicity  is  the  Asyiitcucia  caiidcilis  of  Roux  (Archiv 
far  Entwickelungs  Mecfianik,  vol.  ix.  p.  2),  in  which,  owing  to  failure  of  the 
blastopore  to  close,  two  tail-buds,  each  representing  a  half  tail,  may  arise. 
But  it  would  seem  that  in  these  cases  either  the  embryo  dies,  or  the  double 
condition  rectifies  itself  through  fusion  of  the  two  tail-buds  or  through 
atrophy  of  one  of  them.  It  is  not  impossible  that  even  the  temporary 
presence  of  two  tail-buds  might  supply  the  blastema  necessary  for  the 
formation  of  supernumerary  hind-liml^.  But  this  is  pure  conjecture,  and 
in  any  case  it  does  not  help  to  explain  the  quite  frequent  occurrence  of 
accessory  fore-limbs  in  Amphibia.  The  same  consideration  applies  to  the 
condition  of  cauda  bifida,  which,  as  it  has  been  produced  artificially  in  a 
number  of  ways,  might  possibly  occur  in  nature  (Barfurth,  "  Die  experi- 
mentelle  Herstellung  der  Cauda  bifida  bei  Amphibienlarven,"  Archiv  fur 
Entwickelungs  Mechanik,  vol.  ix.  p.  1). 

One  naturally  thinks  of  supra-regeneration  after  injury  or  amputation 
as  being  possibly  a  factor  in  the  production  of  accessory  limbs  in  Amphibia. 
But,  as  a  matter  of  fact,  Barfurth 's  careful  series  of  experiments,  done  at  the 
earliest  stages  possible,  showed  that  .in  the  frog  there  is  no  supra-regenera- 
tion after  amputation,  all  the  limbs  regenerated  being  either  normal  or 
defective.  In  the  newt,  on  the  other  hand,  the  regenerated  limbs  frequently 
had  supernumerary  digits,  while  in  the  Axolotl  cases  of  double  foot  occurred 
{Archiv  fur  Entwickelungs  Mechanik,  vol.  i.  p.  115). 

On  the  whole,  the  aetiology  of  supernumerary  limbs  in  the  Amphibia 
seems  to  be  practically  unknown  at  the  present  time.  It  is,  however, 
certain,  in  my  opinion,  that  the  vast  majority  of  them,  even  those  in  which 
the  supernumerary  limbs  form  a  pair,  are  examples  of  repetition  (homotopic 
redundancy)  and  do  not  depend  on  duplicity  in  the  embryo.     In  this  respect 
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the  Amphibia  differ  markedly  from  the  birds  and  mammals  in  which  the 
converse  rule  holds  good. 

List  of  Instances  previously  recorded  in  Amphibia. 

The  following  tables  are  as  complete  as  I  can  make  them  from  the 
literature  at  my  disposal.  In  very  many  cases  I  have  quoted  from 
abstracts  given  by  Taruffi,  the  original  papers  not  being  accessible  to  me. 
Where  details  are  available,  attention  has  been  paid  to  whether  the  super- 
numerary limbs  are  single,  double,  or  composite,  to  the  presence  or  absence 
of  girdle  elements  connected  with  them,  and  to  their  position  with  relation 
to  the  normal  limbs.  The  list^  is  arranged  under  the  following  sections 
and  subsections : — 

Section  I. — Occurrence  of  a  supernumerary  limb  which  is  single  and  has  no 
additional  parts. 
Subsection  1. — Supernumerary  limb  anterior. 
Subsection  2. — Supernumerary  limb  posterior. 
Section  II. — Occurrence  of  a  supernumerary  limb  which  is  composite  or  pos- 
sesses reduplicated  parts. 
Subsection  1. — Supernumerary  limb  anterior. 
Subsection  2. — Supernumerary  limb  posterior. 
Section  III. — Occurrence  of  a  supernumerary  pair  of  limbs. 
Subsection  1. — Supernumerary  limbs  anterior. 
Subsection  2. — Supernumerary  limbs  posterior. 
To  these  may  be  added  a  short  list  of  cases  in  which  one  of  the  ordinary  limhs 
shows  partial  duplicity  or  reduplication  of  parts. 

Section  I.     Subsection  1. 
Supernumerary  Anterior  Limh^  single^  and  tvithout  additional  parts. 

1.  Hunterian  Coll.     Supernumerary  limb  springs  from  posterior  and  lateral  part  of 

sternum. 

2.  De  Super ville.  „  „  right  shoulder. 

3.  Otto.  „  „  right      scapula      (Pelobates 

fuscus). 

4.  D'Alton.  „  adheres  to  humerus  of  normal  left  limb. 

5.  Gervais.  „  articulates    with    an    accessory    coracoid 

and   scapula  attached   to   the   normal 
left  coracoid  (Pelobates  cultripes). 

6.  Strobel.  „  arises  to  left  of  middle  line  at  boundary, 

between  thorax  and  abdomen. 

1.  Quoted  from  Bland  Sutton,  Evolution  and  DiseoMy  p.  111. 

2, 3, 4,  6.  Quoted  from  Taruffi,  ^oria  delta  Teratologia^  vol.  iv.  p.  326,  Oss.  12,  13,  14,  15. 

6.  „  „  „  „  vol.  iii.  p.  241,  Oss.  10. 

*  Unless  where  otherwise  indicated,  the  records  have  reference  to  one  or  other  of  the 
8]>ecie8  of  Rana. 
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7.  Bland  Sutton. 

8.  Jolnison. 

9.  Bergendal. 


Supernumerary  limb  is  attached  to  anterior  part  of  left  moiety 

of  shoulder  girdle  by  what  seems  to  be 

an  accessory  coracoid. 
arises  from  tlie  left  and  one  also  from  the 

right  scapular  region, 
is  attached  to  outer  part  of  right  coracoid 

ventrally  and  anteriorly. 


>> 


>» 


Section  I.     Subsection  2. 

Supeimumerary  PodeHor  Limb,  siiKjle^  and  tcitJiouf  wlditumal  pfirts. 

11.  Balsamo  Crivelli.  Supernumerary  limb  is  attached  close  to  symphysis  pubis  on 

left  side. 


12.  Fabretti. 

13.  Strobel. 


14.  Ercolani. 

15.  Parona. 


IG. 


17. 


>» 


>i 


18.  Otto. 

19.  Vallisneri. 

20.  Fabretti. 


21.  Strobel. 


22. 

23.  Cisternas. 


>> 


j> 


»> 


>» 


n 


>i 


n 


»j 


5' 


>» 


»l 


yj 


a 


as  above. 

is  close  in  front  of  right  limb;  has  a 
common  acetabular  cavity  with  right 
femur,  and  is  enclosed  in  the  same  skin 
to  half-way  down  the  thigh. 

hangs  between  the  normal  ones  and  has 
an  acetabular  cavity  on  the  pubis. 

is  a  stump  inserted  into  superior  border 
of  pubic  symphysis. 

is  attached  to  the  i)osterior  inferior  tuber- 
osity of  the  ilium. 

is  to  inside  of  right  limb,  and  has  a 
common  covering  of  skin  to  middle  of 
thigh  and  common  acetabular  cavity 
with  right  linib. 

is  inserted  on  right  side  of  pelvis. 

arises  from  right  side  of  coccyx.  (The 
left  limb  has  seven  toes.) 

is  on  left  side  and  articulates  with  an 
accessory  ilium,  almost  regidar  in  form, 
which  stretches  obliquely  fi*om  the 
margin  of  the  symphysis  pubis  to  the 
transverse  process  of  the  ninth  verte])ra. 

is  attached  a]x)ve  left  hip-joint,  probably 

on  internal  aspect  of  ilium, 
to  left  of  anus. 

on   left  side  of  pelvis  (Alytes 
obstetricans). 


>» 


»> 


7.  Evolution  and  IHsease,  ]>.  112. 

8.  American  Natnralid^  vol.  xxxv.  ])t.  1,  1901. 

9.  IHhamj  Komj.  Svfiutka  Vet.  Ak.  Handlinqary  1888,  Bd.  14,  Afd.  iv.,  No.  8. 
11,  12,  13,  14,  15.  Taniffi,  /.c,  vol.  iv.  p.  402,  Os8.  27,  29,  30,  33,  34. 

16,  17,  18  „  .,  i».  406,  Os.s.  18,  19,  15. 

19.         „  „  J).  422,  Os.s.  101. 

20,  21,  23.  Taruffi,  I.e.,  vol.  iv.  pp.  407-8,  Os.s.  20,  21,  24. 

22 pp.  422-3,  Oss.  102,  105,  106. 
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24.  Sordelli.      Supernumerary     limb     hangs     between     left     normal     limb     and 

anus. 

25.  Thomas.  „  is  attached  between  sacrum  and  hip-joint, 

is  slender,  and  has  .syndactylous  digits 
(Bufo  vulgaris). 

26.  Tuckerman.  „  is  attached  a  little  to  left  of  posterior  end 

of  urostyle. 

27.  Kingsley.  „  arises  below  and  a  little  to  left  of  vent ; 

articulates  with  an  acetabulum  on  the 
symphysis  pubis. 

28.  Alessandrini.  ,,  is  misshapen   and  arises  from   centre   of 

abdomen  in  middle  line. 

29.  Guittard.  ,,  arises  from  abdomen  in  front  of  left  hind 

limb. 


Section  IF.     Subsection  T. 
Supemuttierary  Anterior  Limh^  composite^  or  with  a/hliitf/nal  parts, 

30.  Cavanna.     Supernumerary   limb   has    single    coracoid   scapula    and    humerus; 

the  forearm  is  composite,  having  two 
uln£c  and  a  median  radius ;  meta- 
carpals are  partly  doubled  and  partly 
awanting. 

31.  Bassi.  ,,  is   placed  just  behind   the  normal  right 

limb,  to  which  it  is  united  by  a 
muscular  and  fibrous  band ;  has  five 
toes,  the  supernumerary  one  l)eing 
imperfect. 

32.  Eigenman  and  Cox.  ,,  is  on  ventral  side  of  normal  right  limb ; 

has  five  toes. 


Section  II.     Subsection  2. 
Siipemuvierary  Posterior  Limb,  composite,  or  with  cuhlitio^iat  parts. 

33.  Ercolani.     Supernumerary    limb   has   a   single    femur,   two    tibioe   enclosed    in 

common  integument,  two  separate  tarsi 
and  sets  of  phalanges.  The  accessory 
femur  lies  alongside  the  normal  right 
femur  in  a  com  m  cm  integument 
sheath. 

24,  25.  Tarufli,  I.e.,  pp.  422-3,  Ojw.  102,  105,  10(;. 

26.  Jouni.  of  Anat.  ami  Physioloyif,  vol.  xx.  p.  516. 

27.  Proc.  Jjoston  Soc.  Nat.  Hist.^  vol.  xxi.  i)p.  1(59,  173. 

28.  29.  Taniffi,  I.e.,  vol.  iii.  pp.  240,  529. 

30,  31.  Tarufti,  I.e.,  vol.  iv.  p.  327,  Oss.  19,  17. 

32.  American  Naturalist,  Jan.  1901,  ]>.  33. 

33.  Taniffi,  I.e.,  vol.  iv.  ]».  403,  CK«.  32  ;  j).  408,  Os.k.  22. 
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34.  Strobel. 


35.  Johnson. 


36.  Ryder. 


37.  Strobel. 


38.  Parona. 


39.  Dumeril. 


Supernumerary    limb    has   one    femur,    but    is    double    from   knee 

downwards ;  the  supernumerary  femur 
enclosed  in  same  integument  as  normal 
right  thigh. 

,,  arises    directly   above    the    hindJeg,     is 

attached  to  ilium,  which  is  bifid 
posteriorly;  distal  end  of  tibia  fibula 
has  three  enlargements;  three  bones 
replace  astragalus  and  calcaneum ;  eight 
metatarsals. 

„  bears    evidence   that   it   was  formed  by 

the  fusion  of  two  by  their  inner 
surfaces. 

„  is     inserted    posteriorly    between     right 

flank  and  anus,  has  no  femur,  but  the 
lower  part  is  doubled  and  has  seven 
toes. 

„  has  femur  attached   to  posterior  inferior 

tuberosity  of  left  ilium ;  nine  toes 
present. 

„  is  very  slender,  without  femur,  but  with 

six  metatarsals  and  six  toes. 


40.  Bland  Sutton. 


n 


has  seven  toes. 


Section  III.     Subsection  1. 
Pair  of  Supernumerary  Anterior  Limbs  present. 

41.  Lunel.  Supernumerary  pair  of  limbs  are    placed    to   outside    of    normal    left 

limb  on  two  fused  accessory  scapulae. 


42.  Sordelli. 

43.  Ercolani. 


44. 
45. 


>> 


n 


46.  Johnson. 
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>> 
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lie  behind  the  normal  left  limb. 

lie  above  the  normal  left  limb  on  two 
fused  accessory  scapulae. 

do.  do. 

are  on  left  side ;  impossible  to  say  which  of 
the  three  limbs  on  the  left  side  repre- 
sents the  normal  one ;  scapula  on  left 
side  single,  but  connected  with  two 
pairs  of  clavicles  and  coracoids  on  that 
side. 

arises  from  a  peduncle  directly  ventral  to 
the  right  fore-leg. 


34.  Taruffi,  I.e.,  vol.  iv.  p.  403,  Oss.  32  ;  p.  408,  Oss.  22. 

35.  American  NcUuralisty  vol.  xxxv.  pt.  1,  1901. 

36.  Quoted  by  Kingsley  in  Proc.  Boston  Soc.  Nat.  Hist.,  vol,  xxi.,  1880-2,  p.  173. 

37.  38,  39.  Tamffi,  I.e.,  vol.  iv.  ]).  422,  Ohs.  103  ;  p.  408,  23  ;  p.  407,  17. 
40.  Evolution  and  Disease,  p.  1  io. 

41-45.  Taruffi,  l.e.  vol.  iv.  pp.  327-328,  Os«.  16,  18,  20,  21,  22. 
46.  American  Naturalist,  vol.  xxxv.  pt.  1,  1901. 
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48.  Van  Deeii. 


49.  Van  der  Hoeven. 


50.  Dumeril. 


51.  Cavanna. 

52.  Lunel. 


53.  Cavanna. 


Section  III.     SuBSEcrriON  2. 

Pair  of  Supernumerary  Posterior  Limbs  present. 

Supernumerary  pair  of  limbs  articulate   with   a   rudimentary 

pelvis  attach^  to  left  of 
normal  pubis.  This  specimen 
is  exceedingly  interesting, 
since,  as  is  stated  by  Bland 
^xxiUm^Evolutionand  Disease^ 
p.  126)  the  termination  of 
the  alimentary  canal  is 
bifurcated. 

are  attached  to  the  symphysis 
pubis. 

articulate  by  means  of  two 
cotyloid  cavities  with  a  rudi- 
mentary accessory  pelvis  at- 
tached to  the  normal  pubis. 

resembles  above. 

are  enclosed  in  common  integu- 
ment down  to  the  middle  of 
the  tibisB;  articulate  by  two 
small  cotyloid  cavities  with 
a  rudimentary  pelvis  which 
is  attached  in  front  and  to 
the  left  of  the  normal  one. 

are  attached  to  a  rudimentary 
pelvis  placed  above  and  a 
little  to  the  left  of  the  anus. 
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>> 


>> 
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>> 
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Partial  Duplicity  of  One  Limb. 

54.  Sordelli.      A  second  leg  is  inserted  into  the  right  humerus :   is  short,  slender, 

and  has  only  three  toes  (Axolotl). 

55.  Otto.  A  second  leg  arises   from   inner  side   of  right   normal   one  and    is 

inserted  apparently  into  the  normal  femur. 

56.  Camerano.  Femur  on  left  side,  at  a  distance  of   3  m.    from  its  head,   divides 

into  two  short  branches,  each  of  which  carries  a  surface  for  articu- 
lation with  a  corresponding  leg  (Triton  taeniatus). 

57.  Ercolani.      Left   hind-foot   is   doubled,  each  division  carrying  five   toes.      The 

two  feet  thus  formed  seemed  to  be  right  and  left  ones. 

58.  Barfurth.     Instances   in  which  double  feet  were  sometimes   produced   by   re- 

generation after  experimental  amputation. 

Cases  of  simple  Polydactyly  are  not  tabulated  here. 

48-51.  Taruffi,  /.c,  vol.  iv.  p.  401  et  seq.,  Oss.  25,  26,  28,  31. 

52.  „  „    p.  406      „       Ohs.  16. 

53.  „  „    p.  422      „       Oss.  104. 

54-57.  Taruffi,  I.e.,  vol.  iii.  ]>.  414,  Oss.  9  ;  p.  413,  Oss.  7,  8  ;  p.  422,  Oss.  12. 
58,     Archivfiir  Entmckelungs  Mechanik,  vol.  i.  pp.  104,  105. 


NOTES  ON  (a)  THE  ORIGIN  OF  ELASTIC  FIBRES  IN  TENDON, 
(h)  BRANCHING  OF  YOUNG  TENDON  CELLS.  By  James  F. 
Gemmill,  M.A.,  M.D. 

(a)  On  the  Origin  of  Elastic  Fibres  in  Tendon. 

The  following  note  supports  the  view  that  elastic  fibres  originate  from 
cells,  and  shows  that  a  considerable  number  of  cells  may  take  part  in  the 
formation  of  the  fibrillse  from  which  a  single  fibre  arises. 


Fin.  1. — From  a  gold-chloride,  formic-acid  preimration  of  tendon  from  the  gastrocnemius  of  a  puppy 
four  months  old  ;  the  fibres  have  been  teased  apart  and  mounted  in  glycerine  jelly,  «,  cell- 
rows  with  fine  network  of  elastic  fibrils  on  their  surface  ;  ft,  root  fibrils  of  an  elastic  fibre  ; 
c,  fully  formed  elastic  fibres  ;  rf,  connecting  branches. 

In  a  series  of  gold-chloride,  formic-acid  preparations  of  tendon  from  the 
gastrocnemius  of  a  puppy,  I  obtained  some  curious  selective  variations  in 
the  action  of  the  gold.  At  certain  parts  only  tendon  cells,  at  others  only 
elastic  fibres  were  brought  into  prominence.  At  places  of  transition  between 
two  such  regions,  the  cells  and  the  fibres  were  more  faintly  stained,  but  in 
addition  a  fine  system  of  fibrillse  of  origin  for  such  elastic  fibres  as  happened 
to  arise  in  these  regions  was  here  and  there  picked  out.  These  fibrillae  are 
illustrated  in  fig.  1.  They  form  an  elongated  network  in  the  surface  layers 
of  the  rows  of  tendon  cells.  They  are  connected  sparingly  by  fine  oblique 
branches  with  corresponding  networks  in  adjacent  cell-rows.  An  elastic 
fibre  begins  usually  in  one  main  root,  derived  from  the  union  of  a  number 
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of  fibrillae  arising  from  the  surface  of  several  cells  in  a  cell -row.  Other 
roots  additional  to  the  main  one  are,  however,  almost  always  present.  They 
may  be  derived  from  the  fibrillar  network  on  another  part  of  the  same  cell- 
row,  or  from  the  similar  network  on  adjacent  cell-rows.  Any  part  of  a 
network  may  give  origin  to  root  fibres,  either  upwards  or  downwards  in  the 
tendon,  or  to  oblique  branches  which  unite  with  neighbouring  fibres.  The 
fully  developed  elastic  fibres  may  run  on  or  near  the  surface,  or  in  the 
substance  of  the  tendon  fibres,  but  of  course  the  growing  ends  are  always 
superficial.  In  transverse  sections,  the  elastic  fibres  appear  as  dots  scattered 
throughout  the  ground  substance  and  most  numerous  close  to  the  cell-rows 
(fig.  2).  I  have  not  been  able  to  find  that  the  fibrillar  stage  is  preceded  by 
one  in  which  the  elastic  substance  is  in  the  form  of  discrete  particles. 

The  cellular  origin  of  elastic  fibres  has  now  been  demonstrated  for  a 
considerable  number  of  tissues.  In  elastic  cartilage  Oscar  Hertwig  (1) 
found  that  the  fibres  are  formed  on  the  surface  of  the  protoplasm  immedi- 
ately after  the  first  appearance  of  the  intercellular  substance  or  simul- 
taneously with  it,  while  Ranvier  (2)  and  Deutschmann  (3)  confirmed  this 
observation,  and  added  that  the  elastic  substance  is  laid  down  first  in  the 
form  of  fine  discrete  particles  which  coalesce  in  rows  to  form  the  fibrils. 
Other  workers  on  the  same  subject  are  Reinke  (4),  Gerlach  (5),  Spuler  (6), 
and  Hansen  (7).  The  tissue  investigated  by  Hansen  was  fibro-cartilage 
from  the  intervertebral  discs  of  calf  f(i?tuses.  In  the  connective  tissue  cell 
during  its  actively  formative  stage,  Hansen  distinguishes  an  outer  layer  of 
ectoplasm  which  is  of  higher  refractive  power  than  the  inner  protoplasm. 
According  to  him,  this  ectoplasm  is  the  common  parent  alike  of  connective 
tissue  and  of  elastic  fibres.  As  the  outer  layer  becomes  converted  into 
fibres,  new  ectoplasm  is  formed  underneath  it,  and  thus  the  cell  may  retain 
the  power  of  producing  new  fibres  and  of  adding  to  their  size  for  a 
relatively  long  period.  Hansen's  results  were  accepted  and  extended  by 
W.  Flemming  (8).  Apart  from  cartilage,  the  cellular  origin  of  elastic  fibre 
in  other  tissues  has  been  aflSrmed  by  Gardner  (9),  Teuffel  (10),  and  Tfiddei 
Aiuto  (11).  In  the  amnion,  Gardner  states  that  elastic  fibrils  do  not  arise 
from  the  extra-protoplasmic  substance,  but  on  the  periphery  of  single  cells 
or  along  anastomasing  cell  processes,  in  the  form  of  fine  round  particles 
which  coalesce  in  rows.  The  first  fibrils  may  unite  to  form  thicker  ones. 
Similar  results  were  obtained  for  the  elastic  fibrils  in  the  lung  by  E.  Teufiel 
(10),  and  in  cicatricial  tissue  by  Taddei  Aiuto  (11). 

The  occurrence  of  abundant  elastic  fibres  in  tendon  and  ligament  has 
been  demonstrated  by  Martinotti  (12)  and  Smirnow  (13),  among  others.  I 
have  confirmed  or  extended  their  observations  in  the  case  of  the  following 
structures   in   the   human  subject :  tendo  Achillis,  tendons  of  bicepti  flex. 
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cruris,  flex,  long,  dig.  (ped.),  tibialis  posticus,  seinimeifnbranosus,  qudd- 
riceps  extev^or  cruris,  peroneus  longus,  flex.  prof,  dig.,  eMensor  carp,  rod, 
brev.,  extensor  long,  dig,  ped,,  round  ligaTnent  of  hip-joint,  long  and  slwrt 
plantar  ligaments,  transverse  ligaTnent  of  anlde,  external  lateral  and 
posterioi'  crucial  ligaments  of  knee,  semilunar  cartilages  of  knee,  liga- 
Tnentum  patellce,  intervertebral  discs,  interosseous  membrane  of  forearm. 
Of  the  tendons  I  examined,  that  of  the  peroneus  longus  had  the  greatest 
number  of  elastic  fibres.  Next  came  the  tendons  of  the  tibialis  posticus,  the 
flexor  longus  digitorum,  and  the  extensor  carpi  radialis  brevior.  The  fewest 
and  slenderest  elastic  fibres  were  found  in  the  extensor  longus  digitoioim 
pedis.  No  doubt  these  differences  are  related  to  function.  The  absence  of 
any  special  supporting  or  resistant  action  on  the  part  of  the  long  extensor 
of  the  toes  immediately  suggests  itself  as  connected  with  its  dearth  of 
elastic  fibres,  in  contrast,  say,  to  the  peroneus  longus. 

Of  the  ligaments  I  examined,  the  long  and  short  plantar  ligaments,  and 
the  interosseous  membrane  of  the  forearm,  had  the  greatest  number  of 
elastic  fibres.  In  general,  elastic  fibres  are  stronger  and  more  numerous,  and 
they  branch  and  anastomose  more  freely  in  ligament  than  in  tendon. 

(6)  Branching  of  Young  Tendon  Cells. 

Tendon  cells  are  usually  described  as  occurring  in  rows  in  the  spaces  be- 
tween adjacent  tendon   fibres,  the  cell  bodies  occupying  the  middle  of 
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Fig.  2. -^Transverse  section  of  part  of  Fig.  3. — Transverse  section  from  gas- 
gastrocnemius  similarly  stiined ;  trocnemius  of  tendon  of  puppy 
glycerine  jelly  mount ;  elastic  showing  numerous  delicate,  some- 
hbres  showing  as  dots  throughout  times  branched  processes  on  the 
the  substance  of  the  fibres,  but  cell  bodies  and  lamells.  (Gold- 
most  numerous  close  to  the  cells.  chloride  formic-acid  preparation.) 

these  spaces  and  sending  smooth,  flattened  lamellse  outwards  between  the 
tendon  fibres.  The  occurrence  of  fine  branches  on  the  cell  bodies  and  lamellae 
is  indicated  in  the  following  note. 
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In  sections  of  tendon  (from  a  puppy  four  months  after  birth)  which  had 
been  macerated  very  slowly  in  formic  acid  and  treated  with  chloride  of  gold, 
I  found  a  considerable  number  of  delicate  processes  sticking  out  vertically 
from  the  ceU  bodies  and  lamellae,  and  penetrating  the  substance  of  the 
tendon  fibres.  The  appearance  of  a  group  of  cells  from  a  transverse  section 
of  the  gastrocnemius  is  illustrated  in  fig.  2.  No  doubt  the  fine  branches 
serve  for  the  nutrition  and  growth  of  the  tendon  fibres.  As  stated  above, 
the  tissue  is  taken  from  a  young  animal.  At  the  same  time  it  is  old 
enough  to  present  all  the  other  histological  appearances  typical  of  adult 
tendon. 
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ON  THE  DEVELOPMENT,  OSSIFICATION,  AND  GROWTH  OF  THE 
PALATE  BONE  OF  MAN.^  By  Edward  Fawcett,  M.B.  Edin., 
Professoi'  of  Anatomy,  University  College,  Bristol. 

Through  the  kindness  of  Professor  Minot  of  Harvard,  I  am  able  to  present 
the  result  of  an  investigation  on  the  above  subject.  I  have  been  fortunate 
enough  to  have  from  him  a  human  embryo  of  19  mm.  in  length,  in  which 
the  palate  bone  is  just  commencing  to  ossify.  I  have  also  from  Professor 
Minot  other  embryos  in  which  ossification  is  further  advanced,  and  some 
material  supplied  to  me  by  former  pupils  has  enabled  me  to  complete  what 
it  is  necessary  to  do  by  aid  of  the  microscope. 

When  one  looks  into  the  various  accounts  given  by  different  text-books 
on  the  subject,  it  is,  I  think,  evident  that  the  matter  is  worthy  of  further 
consideration.  It  is  true  there  is  perhaps  greater  unanimity  with  regard 
to  the  ossification  of  this  palate  bone  than  in  the  case  of  many  others,  but 
the  fact  still  remains  that  the  accounts  are  still  sufficiently  at  variance  to 
justify  the  statement  that  the  matter  is  by  no  means  settled. 

Where  the  various  statements  are  taken  from  I  cannot  say,  as  no 
references  are  given,  save  in  the  case  of  Ram  baud  and  Renault. 

Oriiveilhier,  p.  72,  English  edition,  1841,  says  the  bone  is  developed 
from  a  single  centre  of  ossification,  which  appears  from  the  fortieth  to  the 
fiftieth  day  at  the  point  of  union  of  the  vertical  and  horizontal  portions 
and  the  pyramidal  process.  During  its  development  the  bone  appears  as 
it  were  cruslied  down,  so  that  the  vertical  portion  is  shorter  than  the 
horizontal,  and  there  is  a  marked  predominance  in  the  antero-posterior 
diameter. 

Gray,  sixteenth  edition,  says  the  bone  is  developed  from  a  single  centre 
which  appears  about  the  second  month  at  the  angle  of  junction  of  the  two 
plates  of  the  bone.  From  this  point  ossification  spreads  inwards  to  the 
horizontal  plate,  downwards  into  the  tuberosity,  and  upwards  into  the 
vertical  plate. 

Some  authorities  describe  the  bone  as  ossifying  from  four  centres :  one 
for  the  tuberosity  and  portion  of  the  vertical  plate  behind  the  posterior 
palative  groove ;  a  second  for  the  rest  of  the  vertical  and  horizontal  plates ; 
a  third  for  the  orbital,  and  a  fourth  for   the   sphenoidal  process  (this  is 

^  Read  Ijefore  the  Anatomical  Society,  January  19,  1906. 
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evidently  from  Rambaud  and  Renault).  In  the  fcvtus  the  horizontal  phitt^ 
is  much  longer  than  the  vertical ;  and  even  after  it  is  fully  ossified,  the 
whole  bone  is  at  first  remarkable  for  its  shortness. 

GegertlKiur  (French  translation  by  Charles  Julin,  1889),  says:  I)e  meme 
que  le  maxillaire  sup^rieur,  le  palatin  apparait  apres  la  huitieme  semaine ; 
toutefois  ses  rapports  de  situation  sont  un  peu  differents. 

Thmn^*^oi}  {Cunninghams  Text-Book  of  Anatomy)  states  that "  the  palate 
bones  are  developed  from  the  ossification  of  the  membrane  covering  the  sides 
of  the  oral  cavity.  According  to  Rambaud  and  Renault,  two  primitive  centres 
appear  about  the  sixth  week  of  foetal  life.  From  one  of  these  the  tuber- 
osity and  the  part  of  the  vertical  plate  behind  the  posterior  palative  groove 
is  developed ;  from  the  other  the  remainder  of  the  bone  is  formed,  with  the 
exception  of  the  orbital  and  sphenoidal  processes,  which  are  developed  from 
secondary  centres  that  make  their  appearance  somewhat  later.  Other 
authorities  describe  the  bone  as  ossifying  from  a  single  centre  which  appears 
about  the  end  of  the  second  month  in  the  angle  between  the  vertical  and 
horizontal  plates.  At  birth  the  bone  is  much  longer  in  its  antero-posterior 
diameter  than  in  its  vertical  height,  the  converse  of  its  typical  adult  form." 

Sappey  (fourth  edition)  says :  "  Le  palatin  a  pour  origine  un  seul  point 
d 'ossification  que  occupe  Tangle  de  reunion  de  ses  deux  portions.  La  portion 
horizon  tale  s'accroit  plus  rapidement  et  Temporte  d'abord  sur  la  verticale. 
Plus  ttird,  cette  derniere  s  allonge  un  peu ;  il  s'etablit  alors  Tune  et  I'autre 
une  sorte  d'egalit(5.  Lorsque  le  serins  maxillaire  s'agrandit,  on  voit  la 
portion  verticale  s  allonger  aussi  et  devenir  predominante." 

Tefitut  is  content  with  quoting  the  account  given  by  Rambaud  and 
Renault. 

Qiuun  (tenth  edition)  says  the  palate  bone  is  ossified  from  a  single 
centre,  which  appears  in  the  seventh  or  eighth  week  at  the  angle  between 
its  horizontal  and  vertical  parts. 

Macaliater  (p.  239)  says  the  palatine  bone  is  formed  in  a  part  of  the 
ptery go-quadrate  cartilage,  and  is  very  inegular  and  variable.  It  ossifies 
by  a  single  centre  wliich  appears  at  the  front  of  the  pyramidal  process  in 
the  seventh  week. 

Huvipht'y  is  very  accurate,  as  a  rule,  when  describing  the  ossification  of 
a  bone.  With  reference  to  the  palate  bone  he  says  (p.  296) :  "  Each  palate 
bone  is  developed  from  one  nucleus  which  appears  between  the  fortieth 
day  and  the  third  month,  at  the  angle  of  union  of  the  horizontal  with  the 
vertical  portion.  The  palatine  process  soon  shoots  inward  to  meet  that  of 
the  opposite  side.  In  the  young  child  the  bone  has  very  little  depth  ;  the 
transverse  measurement  is  gi-eater  than  the  vertical,  and  the  orbital  portion 
is  not  yet  formed." 
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Personal  Observations. 

Sections  of  various  embryos  have  been  examined,  some  from  my  own 
collection,  but  many  from  that  of  Professor  Minot  of  Harvard. 

Examination  of  coronal  sections  of  a  19  mm.  embryo.  These  were 
examined  and  drawn  serially,  and  it  will  be  noticed  that  the  two 
opposite  halves  of  the  palate  P.  are  at  this  stage  vertically  disposed  at  the 
side  of  the  tongue  T.,  some  distance  above  what  might  be  expected  to 
represent  the  point  where  the  angle  will  be  formed.     Between  the  side  of 


Fig.  1. 

P. B..  palate  bone;  P. N.,  palatine  nerven;  P.,  palate 
nanffing  down  by  side  of  tonf^ue,  T.  Harvard 
collection,  No.  819,  sect.  284.  Coronal  19  mm. 
embryo. 


FlO.  2. 

P.B.,  palate  bone,  just  developing  palatine  pro- 
cess ;  P.,  palate,  now  sepaiating  tongue  from 
base  of  skull ;  P.  N.,  palatine  nerves.  Harvard 
collection.  No.  24,  sect.  378.  Coronal  24  mm. 
embryo. 


the  naso-pharynx  and  the  palate,  one  sees,  just  commencing  to  ossify,  the 
palate  bone  P.B.,  and  it  is  evident  that  this  centre,  as  generally  described, 
arises  in  membrane.  Immediately  to  its  outer  side  can  be  seen  a  large 
nerve  clump  caused  by  the  palatine  nerves.  All  other  sections  of  this 
embryo  show  the  same  thing,  viz.,  that  the  palate  bone  is  ossified  just 
internal  to  the  palatine  nerves,  and  therefore  in  its  vertical  plate,  ossification 
commencing  in  the  19  mm.  embryo.  There  is  as  yet  no  sign  of  a  horizontal 
plate. 

In  an  embryo  of  24  mm.  in  length,  also  supplied  by  Professor  Minot,  one 
sees  the  two  halves  of  the  palate  now  horizontally  disposed,  whereas  it  will 
have  been  noticed  that  they  lie  vertically  disposed  by  the  side  of  the  tongue 
in  the  embryo  of  19  mm. 
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It  is  at  this  stage  that  the  horizontal  plate  of  the  palate  bone  commences 
to  form,  but  it  does  not  come  off  sharply — almost  at  right  angles — as  yet ; 
it  curves  inwards  quite  at  the  lower  end  of  the  vertical  plate,  see  fig.  2 
(Harvard,  24,  x.  378).  P.B.  is  the  palate  bone,  P.  the  palate,  P.N.  palatine 
nerves. 

At  a  later  stage,  however,  the  direction  is  much  more  at  right  angles 
to  the  vertical  plate.  At  no  time  can  any  extra  centre  of  ossification  be 
seen.  It  is  true  that  by  making,  say,  one  or  two  sections  either  in  the 
horizontal  or  the  vertical  direction,  one  may  see  what  appear  to  be  two 


Fig.  3. 

P.B.,  palate  bone ;  G.,  groove  for  internal 
pterygoid  plate ;  H.P.,  hamular  process; 
P.N.,  palatine  nerves;  P.P.A.,  post- 
palatine  artery.  The  bone  seems  here 
to  consist  of  two  separate  parts  due  to 
foramen. 


FlO.  3a. 

H.P.P.,  horizontal  plate  of  palate  bone ;  T.,  tuber- 
osity; H.F.,  hamular  process  (cartilaginous) ; 
T.I*.,  tensor  iialati ;  E.T.,  Eustachian  tube; 
C.P.,  coronoid  process:  N.,  neck  of  Jaw; 
M.,  malar  bone;  B.M.,  superior  maxilla; 
E.,  vertical  plate  of  ethmoid ;  J.G.,  Jacob- 
son's  cartilage.  Own  collection,  M2.  Hori- 
zontal 42  mm.  embryo. 


centres ;  but  that  appearance  is  due,  in  one  region  at  all  events,  to  perforation 
of  the  bone  by  an  artery  from  the  posterior  palatine  to  the  inferior  meatus 
and  turbinated  bone.  This  foramen  seems  to  be  constant,  and  in  early 
fcetal  life  is  of  great  size  (figs.  3  aiid  4). 

It  may  be  taken  as  conclusive  that  there  is  only  one  centre  for  the 
general  mass  of  the  bone.  But  what  about  the  orbital  and  sphenoidal 
processes?  are  they  ossified  separately  or  by  extension  from  the  general 
mass  ? 

Fig.  5  is  a  representation  of  a  section  cut  sagittally,  which  I  was  lucky 
to  get,  and  it  shows  at  a  very  early  period  all  the  essential  parts  of  the 
palate  bone.     The  embryo  from  which  this  series  of  st^ctions  was  cut  was 
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about  40  mm.  in  length,  but  was  unfortunately  not  in  the  best  of  pre- 
servation and  only  the  bone  stained  really  well,  neither  nerves  nor  teeth 
being  stained  to  any  extent.  In  it  one  can  see  the  palatine  shelf,  the 
maxillary  process,  and  then,  quite  on  the  top  of  the  vertical  plate,  forward 
and  backward  projections  which  indicate  the  positions  of  the  future  orbital 
and  sphenoidal  processes.  Naturally  no  spheno-palatine  notch  is  developed, 
but  there  is  a  slight  depression  on  the  upper  border  of  the  vertical  plate 
which  may  be  taken  as  representing  it  (figs.  5  and  6.) 

In  course  of  time  both  the  sphenoidal  and  orbital  processes  develop  as 
outgrowths  from  the  vertical  plate,  not  by  separate  ossification,  and  it  is  to 


Fiu.  4. 

P.B. ,  palate  lx)ne  ;  G.P.N. ,  great 
palatine  nerve;  P.P. A.,  post- 
palatine  artery.  Own  coIlecti«)n. 
Horizontal,  above  last,  42  mm. 
embryo. 


Fig.  5. 

O.,  orbital  process  ;  S.,  sphenoidal  pro- 
cess ,  T.,  tuberosity  o(  palate  bone ; 
H.P.,  hamular  process  ;  P.M.,  pre- 
maxilla  ;  8.M.,  superior  maxilla ; 
N.C. ,  nasal  cavity.  Own  collection . 
Sagittal,  40  mm..  No.  207. 


be  remarked  that  at  (|uite  an  early  stage  and  until  birth  even  the  sphenoi- 
dal process  is  much  larger  than  the  orbital  one ;  in  fact  the  orbital  process 
appears  not  unlike  a  slender  coracoid  process  of  the  scapula  at  this  time 
(fig.  7,  a  and  fe),  directed  upwards  and  forwaixis  at  first  and  being  largely 
maxillary  in  surface ;  then  it  turns  suddenly  upwards  and  backwards,  being 
mainly  orbital.  This  disparity  in  size  of  the  two  processes  is  interesting  as 
leading  us  back  to  what  holds  good  with  the  quadruped  palate  bone.  In  a 
specimen  three  years  old  the  two  processes  are  about  equal  in  bulk,  whilst 
at  the  sixth  the  orbital  has  quite  taken  the  lead. 

There  is  another  feature  of  interest  at  quite  an  early  stage  and  con- 
tinued into  childhood,  that  is,  the  enormous  relative  size  of  the  groove  for 
the  internal  pterygoid  plate.  In  all  my  specimens  from  the  42  mm.  embryo 
onwards,  this  groove  is  relatively  enormous  in  size  (fig.  3,  G). 
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It  is  a  well-known  fact  that  in  the  facial  life  the  anten)-jK»sttM*ior  I'xtent 
of  the  vertical  plate  is  greater  than  the  vertical  (tier.  5). 

These  are  the  leading  features  of  the  ossificiition  and  gn)wth  of  the 
palate  bone  put  somewhat  discui-sively.  I  will  now  put  them  a  little  more 
concisely. 

1.  The  palate  bone  is  developed  by  membranous  (xssificiition  taking 
place  at  the  side  of  the  nasal  cavity  and  immediately  internal  to  the 
palatine  nerves.  There  is  no  ptery go-quad nite  cjirtilage  in  man,  so  it  caimot 
ossify  in  that. 

2.  Ossification  commences  in  the  vertical  plate  in  embryos  of  some 
19  mm.  in  length. 


SPA 


MC 


Q 


Fig.  6. 

S.P.,  sphenoidal;  O.P.,  orbital 
process  of  palate  bone ; 
M.O.,  Mericel's  ganglion ; 
8.P.A.*,  spheno  •  palatine 
artery;  N.C.,  nasal  cavity. 
Own  collection,  same  embryo 
as  flgs.  4  and  6. 


FlO.  7. 

a,  seven-month  palate  bone  showing 
small  orbital  process ;  ft. younger 
palate  bone  than  a,  and  showing 
a  foramen  in  the  vertical  plate  ; 
e,  showing  gnnive  for  internal 
pterygoid  plate. 


3.  The  palatine  process  appears  in  the  24  mm.  embryo,  at  which  time 
the  two  halves  of  the  palate  have  become  horizontal. 

4.  The  orbital  and  sphenoidal  processes  are  outgrowths  from  the  vertical 
plate,  and  appear  much  later.  Since  the  alK)ve  was  written,  I  have  had 
evidence  that  the  whole  of  the  orbital  process  may  not  be  formed  by 
upward  extension  from  the  vertical  plate.  As  in  one  specimen  of  the 
2nd-8rd  year,  the  orbital  process  of  the  right  pa]at<^  bone  has  a  fissure  running 
riglit  through  it  at  the  junction  of  the  lower  J  with  the  upper  j|.  I^his 
fissure  separated  off  a  small  mass  which  synostosed  behind  with  the  IxKly 
of  the  sphenoid  and  the  sphenoidal  turburated  bone  and  in  front  with  the 
ethmoid.  On  the  opposite  side  the  corresponding  mass  was  fus(Kl  with 
the  ethmoid,  the  orbital  pnxiess  of  the  palate  bone  was  small,  wlu^nwis  tlu^ 
lateral  mass  of  the  ethmoid  was  much  longer  on  that  side  than  the  other. 
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If  we  regard  this  mass  as  the  epipliysis  which  Ram  baud  and  Renault  have 
described,  then  it  raises  the  interesting  question  as  to  what  is  its*  morpho- 
logical position.  That  point,  I  think,  may  well  l)e  deferred  for  a  later  paper 
on  the  question.     See  fig.  8. 


Fio.  8. — Three-year  old  palate  bone,  showing  a 
separate  mass  (?)  over  orbitAl  process  0. 

5.  The  sphenoidal   process  is  throughout   fcetal   life   larger   than   the 
orbital  one. 

6.  Up  to,  say,  about  the  second  or  third  year,  the  antero-posterior  length 
is  greater  than  the  vertical  height  of  the  palate  bone. 

7.  The   groove   for  articulation   with  the   internal  pterygoid  plate  is 
enormously  larger  than  the  other  grooves  on  the  tuberosity. 

8.  Chronologically  the  palate  bone  appears  after  the  upper  jaw,  and  is 
therefore  third  in  date  of  appearance  of  the  skull  bones. 


AN  ABNORMAL  VERMIFORM  APPENDIX  IN  THE  BABBIT.  By 
0.  Gordon  Hewitt,  B.Sc.,  ZooUKjical  Lidit/nilwy,  Tlie  Univennt-y, 
Miviicheiter. 

Whilst  demonstrating  the  alxlominal  viscera  of  one  of  the  raltbits  which 
were  being  dissected  by  the  -studentH  in  the  elementary  course  of  zoology, 
I  discoverefl  a  very  abnormal  vermifonn  appendix. 


An  abnormal  veniiifuriii  apiwnilii  of  tlip  rabbit.     Natural  aizo. 

It  is  of  the  form  shown  in  the  accompanying  figure.  The  proximal 
portion  is  a  direct  continuation  of  the  cajcuni,  in  the  same  line,  and  measures 
35  mm.  It  then  iH'iids  at  right  angles  to  the  original  direction,  and  this 
distal  portion  is  l»5  nnii.  in  length. 


4i)H  Abuonnal  Vermiform  Apj^endix  in  the  Rabbit 

Iininediately  after  tlie  bend  a  secondary  appendix  is  given  off.  This  is 
00  mm.  long  and  lies  alongside  the  original  appendix,  by  turning  at  riglit 
angles  immediately  after  its  origin. 

The  whole  appendix  was  quite  healthy  in  appearance,  both  externally 
and  internally  :  there  was  nothing  pathological  about  it. 

On  making  a  sagittal  section  of  the  structure,  I  found  that  the  cavity 
of  the  secondary  diverticulum  was  continuous  with  that  of  the  original,  as 
one  would  expect  from  the  external  appearance.  The  adjacent  walls  of 
the  two  appendices  were  quite  separate,  and  only  connected  by  the  investing 
layer  of  connective  tissue. 


ON  A  SPECIMEN  OF  THE  HIND-GUT  OPENING  INTO  A  CLOACAL 
CHAMBER  IN  A  CHILD.  By  F.  S.  Mackenzie,  M.B.,  Ch.B.,  witli 
a  Note  by  Professor  Arthur  Robinson. 

This  specimen  was  removed  from  a  female  child  aged  one  year  and  eleven 
months,  who  had  suffered  from  alternating  attacks  of  diarrluva  and  con- 
stipation since  birth.  The  child  first  came  under  notice  as  a  patient  in  the 
County  Haspital,  York,  in  December  1904,  when  fourteen  months  old.  She 
was  then  thin  and  wasted,  with  a  distended  abdomen  in  which  could  be 


Fio.  1. 

felt  many  solid  faBcal  ma-sses  varying  in  size  from  that  of  a  walnut  to  a 
small  Tangerine  orange.  A  few  days  later  she  was  removed  by  her  parents, 
and  remained  at  home  until  her  death  on  September  25,  1905. 

Permission  for  an  autopsy  was  obtained  with  difficulty,  but  eventually 
objections  were  overcome  and  tlie  body  was  then  hardened  with  formalin 
before  removal  of  the  abdomen  and  pelvis  en  iruime. 

With  the  exception  of  the  intestinal  canal,  no  gross  abnormalities  were 
present  other  than  a  very  marked  hypertrophy  and  dilatation  of  both  ureters. 

The  greater  part  of  the  abdomen  was  occupied  by  the  enormously  dis- 
tended and  hypertrophied  large  intestine,  which  was  full  of  faceted  masses 
of  hardened  faeces.  The  coils  of  this  portion  of  the  canal  were  arranged  as 
in  the  accompanying  diagram  (fig.  1),  and  had  displaced  the  greater  portion 
of  the  small  intestine  into  various  holes  and  corners,  while  the  transverse 
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(M>lon  had  rotated  the  ntomach  round  a  transverse  axis  so  that  the  pyloric 
end  lay  iinincdiately  in  front  of  the  termination  of  the  O'flophagus. 

A  saggital  section  was  made  tlirough  the  lower  half  of  the  abdomen 
and  pelviH,  and  the  termination  of  the  intestinal  canal  into  the  posterior 
[N>rLion  of  the  vulva  displayed,  as  is  well  seen  in  the  illustration  (tig.  2). 


The  rectum  itself  will  be  olwerved  as  quite  distinct  from  the  well- 
marked  anal  canal,  while  there  is  nothing  between  the  latter  and  the  sacrum 
to  indicate  any  attempted  formation  of  an  anus  in  the  usual  situation. 

The  uterus  having  been  diverted  Hoinewliat  to  the  right  side,  is  not  seen 
in  section,  but  tlie  vagina,  bladder,  and  iirethra  are  quite  distinct. 

The  specimen  was  forwardt^d  to  Professor  Robinson,  to  whom  I  am 
much  indebted  for  permission  to  publiah  the  following  note: — 

"  The  Hpecimeii  is  one  of  coiiniderable  interest  in  connection  with  the 
development  of  the  hinder  part  of  the  gut. 
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"  The  lower  part  of  the  great  gut  is  separated  into  two  jx^rtions  by  a 
very  distinct  constriction.  Tlie  upper  or  rectal  portion  is  devoid  of  nn^tal 
folds  or  valves.  In  the  lower  portion  or  anal  passage  the  mucous  membrane 
presents  well-marked  vertical  folds  —  the  columns  of  Morgagni — which 
commence  above  in  the  upper  margin  of  the  lip  which  sej>arates  the  anal 
passage  from  the  rectum,  and  terminate  below  in  a  reticulum  of  small  folds 
immediately  above  the  anal  orifice. 

"  The  anal  passage  runs,  not  in  the  normal  direction,  downwards  and 
backwards,  but  downwards  and  forwards,  and  the  anal  orifice  ojiens  into  a 
chamber  common  to  it,  the  vagina  and  the  urethra ;  thiit  is,  the  anal  passj\gi» 
opens,  not  on  the  surface  behind  the  genito-urinary  chaml)er.  but  into  a  cIoj\ca, 

"  The  cloacal  chamber  has  no  great  vertical  height,  but  it  is  quite  distinct, 
and  its  orifice  is  bounded  by  the  bases  or  upper  margins  of  the  labia  minom ; 
therefore  the  urethra,  vagina,  and  anal  passage  still  open,  as  in  the  young 
embryo,  into  a  common  entodermal  cloaca,  but  with  the  difference  that  the 
genital  and  urinary  canals  are  entirely  sepai*ate  from  each  other. 

"  In  the  oi-dinary  course  of  events  the  gut  would  be  separattnl  from  the 
genito-urinary  canal  before  the  latter  gained  an  opening  into  the  external 
or  ectodermal  cloacal  depression.  For  a  time  after  this  separation  occurs 
the  gut  ends  blindly ;  at  a  later  period  it  opens  by  a  new  opening  iiito  the 
posterior  part  of  the  external  cloacal  depression  or  proctodroum,  which  in 
the  meantime  has  been  separated  from  the  anterior  or  genito-urinary  pirt, 
by  a  transverse  fold. 

"  In  the  specimen  now  under  consideration,  the  internal  or  entodermal  cUw- 
cal  chamber  has  never  been  separated  into  two  parts ;  that  is,  the  internal  or 
entodermal  cloaca  has  persisted  and  has  opened  into  the  antt^rior  |>art  of  the 
external  cloacal  depression,  and  the  posterior  part  of  that  deprcvssion,  if  it  ex- 
isted, has  disappeared,  no  trace  of  a  proctodjeal  depression  Ixung  discoverable. 

"That  the  anal  orifice  is  not  merely  a  proctodajal  opening  displaced 
forwards  but  still  opening  into  the  external  cloacal  depression,  is  shown 
by  its  position  above  the  bases  of  the  labia  minora. 

"  So  far  as  the  specimen  can  be  taken  as  evidence  of  onlinary  develop- 
ment, it  shows  that  the  anal  passage  is  a  part  of  the  primitive  hind-gut, 
and  is  not  formed  from  the  proctodoeal  depression.  It  entirely  supports 
the  view  of  the  development  of  the  posterior  part  of  the  gut  so  generally 
held  and  so  forcibly  demonstrated  by  Keibel's  observations,  and  the  evidenet* 
it  furnishes  is  absolutely  opposed  to  the  suggestion  that  the  jM)steri()r  end 
of  the  gut  is  a  backgrowth  beyond  the  bond  of  union  between  the  gut 
proper  and  the  genito-urinary  chamber." 

In  conclusion,  I  may  state  that  one  halt  of  the  section  is  in  the  nuisemn 
of  the  University  of  Birmingham,  and  the  other  in  the  University  of  Let»(lH. 


A  RECORD  OF  THE  DECUSSATIONS  OF  THE  BRACHIAL  PLEXUS 
IN    MAN.       By    Sydney     Scott,    M.S.     Lond.,    F.KC.S.    Enq., 

St  BurthoUyinew's  HontpiUd. 

This  paper  is  baaed  on  dissections  of  the  decussating  fibres  of  the  brachial 
plexus.  Twenty-tive  cases  wei-e  examined,  of  which  17  were  adult  and  S 
fietuses.  The  ei^tiniated  ageaof  the  ffptuses  were  3^,4^,  5 J,  6,  and  9  uiontlis 
respectively. 

Main  Conclusions.    {Fig.  1.) 
The  brachial  nerves  are  derived  from  the  anterior  primary  divisions  of 
the  5th,  6th,  7tli,  Sth  cervical,  and  Ist  dorsal  spinal  nerves,  the  anterior 
roots  of  which  contain  fewer  fa.Hciculi  than  the  posterior,  tlie  proportion 


being  one-third  to  one-lmlf.  The  anterior  primary  divisions  of  the  5th  and 
6th  unite,  decussate,  and  divide  into  three  parts:  anterior,  which  forms 
the  chief  part  of  the  musculo-cuUvneous ;  the  middle,  whicli  forms  the  supra- 
scapular ;  and  the  posterior,  which  forms  the  circumflex  and  a  small  part  of 
the  musculo- spiral.  The  anterior  primary  division  of  the  7th  nerve  divides 
into  anterior  and  posterior  parts :  the  anterior  becomes  the  outer  head  of 
the  median,  running  for  a  varying  distance  with  the  musculo-cutaneoua, 
and  the  posterior,  which  forms  the  main  part  of  the  museulo-spiral.  The 
anterior  primary  division  of  the  8th  and  1st  dorsal  nerves  unite  and  then 
divide  into  three  parts:  the  anterior,  which  fonns  the  inner  head  of  the 
median ;  the  middle,  which  forms  the  ulnar  and  the  internal  cutaneous ;  and 
the  posterior,  which  is  the  Rmallest,  atid  derived  from  the  Sth  only,  and 
enters  into  the  composition  of  the  musculo-spiral. 
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Decussation  "  A."    20  Records.    (Fig.  2.) 

The  decussations  of  the  5th  and  6th  cervical  nerves :  the  arrangement 
was  that  shown  in  fig.  2  (with  one  exception,  in  which  no  fibres  could  l)e 
traced   from  the   6th   nerve   to   the   suprascapular).     In   these   cases   the 
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anterior  primary  divisions  of  the  5th  and  (ith  nerves  were  each  divisible 
into  three  main  fasciculi :  of  these  the  uppernuxst  fasciculus  of  each  nerve 
united  to  form  the  suprascapular  nerve,  the  intermediate  fasciculi  united 
to  form  the  posterior  secondary  division  which  eventually  became  the 
circumflex,  the  lowest  fasciculi  united  and  eventually  became  the  musculo- 
cutaneous. The  relative  size  of  the  fasciculi  was  found  to  be  remarkably 
constant.  The  uppermost  fasciculus  of  the  5th  and  the  lowest  fasciculus  of 
the  6th  were  in  each  case  the  largest  of  the  three  fasciculi  in  each  nerve ; 
and  conversely  the  lowest  ftusciculus  of  the  5th  and  the  uppermast  fasciculus 
of  the  6th  were  the  smallest ;  while  the  intermediate  fasciculus  of  the  5th 
and  that  of  the  6th  were  intermediate  in  size.  Again,  the  lowest  bundle  of 
the  5th  passed  to  the  lowest  bundle  of  the  6th  in  front  of  the  upper  bundle 
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of  the  6th,  which  passed  to  the  upper  bundle  of  the  5th.  The  intermediate 
bundles  united  posteriorly  and  were  approximately  of  e(]ual  size,  the 
fasciculus  from  the  6th  never  being  smaller  than  that  from  the  5th. 
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Decussation  "  B."    20  Records.    (Fig.  3.) 

The  anterior  secondary  division  of  the  5th,  6th,  and  7th  nerves  exhibit 
comparatively  few  decussating  fibres.  In  only  four  could  a  well-formed 
fasciculus  be  traced  from  the  7th  nerve  to  the  musculo-cutaneous.  In  only 
three  could  a  well-formed  fasciculus  be  traced  from  the  "  5th,  6th  "  to  the 
outer  head  of  the  median.  In  the  other  casas  the  interchange  of  fibres  was 
frail,  and  represented  by  a  few  fine  filaments. 

Decussation  "C."     17  Records.    (Fig.  4.) 

This  decussation  takes  place  between  the  posterior  secondary  divisions 
of  the  "  5th,  6th,"  7th,  and  8th  cervical  nerves.  Of  17  dissections  of  this 
decussation,  the  greater  part  of  the  "  5th,  6th  "  fibres  were  traceable  into 
and  formed  the  entire  part  of  the  circumflex  nerve.  In  13  cases  a 
definite  contribution  was  made  by  the  "  5th,  6th "  to  the  7th  nerve,  and 
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formed  the  uppermost  bundle  of  the  musculo-spiral.  In  four  cases  no 
fasciculus  could  be  traced  from  the  "  5th,  6th  "  to  the  musculo-spiral  nerve. 
As  regards  the  posterior  secondary  division  of  the  8th,  this  was  the  smallest 
of  the  secondary  divisions,  and  on  joining  that  of  the  7th  it  was  traceable 
down  the  musculo-spiral  as  the  lowest,  i.e.  as  the  innermost  fasciculus  of 
that  nerve. 

Decussation  "  D."    8  Records.    (Fig.  5.) 

Of  those  fibres  which  formed  the  inner  head  of  the  median,  approxi- 
mately two-thirds  were  derived  from  the  8th  cervical,  and  the  remaining 
third  from  the  1st  dorsal  nerve.  In  one  case  no  fibres  could  be  traced 
into  the  median  from  the  1st  dorsal,  and  in  two  cases  half  the  inner  head 
of  the  median  was  derived  from  the  8th  cervical,  and  half  from  the  1st 
dorsal  nerve.  The  internal  cutaneous  received  more  fibres  from  the  Ist 
dorsal  than  from  the  8th  cervical  nerve. 

The  ulnar  nerve  was  derived  about  equally  from  the  8th  cervical  and 
the  1st  dorsal  nerves. 
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In  one  case  the  ulnar  received  about  a  sixth  of  its  fibres  from  the  7th 
nerve,  through  the  anterior  secondary  division  of  the  7th.  This  latter  case 
was  associated  with  a  short  cervical  rib,  which  passed  behind  and  above 
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Fig.  5. 

the  axillary  artery,  and  terminated  in  the  scalenus  medius  about  an  inch 
above  the  first  thoracic  rib. 

In  this  case  the  branch  from  tlie  7th  to  the  ulnar  arose  from  the  anterior 
secondary  division  of  the  7th,  passed  obliquely  across  the  front  of  the 
axillary  artery  behind  the  inner  head  of  the  median,  and  formed  the  upper, 
i.e.  the  outer  part  of  the  ulnar  nerve. 
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